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(wherein C ring is nitrogen-containing heteroaryl) has an inhibitory activity against integrase. 
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Description 

Technical Field 

5 [0001] The present invention relates to novel compounds having antiviral activities, in detail nitrogen-containing het- 
eroaryl compounds having inhibitory activity against HIV integrase and a pharmaceutical composition containing the 
same, especially an anti-HIV agent. 

Background Art 

10 

[0002] Among viruses, human immunodeficiency virus (HIV), a kind of retrovirus, is known to cause acquired immu- 
nodeficiency syndrome (AIDS). The therapeutic agent for AIDS is mainly selected from a group of reverse transcriptase 
inhibitors (e.g., AZT, 3TC) and protease inhibitors (e.g., Indinavir), but they are proved to be accompanied by side 
effects such as nephropathy and the emergence of resistant viruses. Thus, the development of anti-HIV agents having 

15 the other mechanism of action has been desired. 

[0003] On the other hand, a combination therapy is reported to be efficient in treatment for AIDS because of the 
frequent emergence of the resistant mutant by Balzarini, J. et al, Proc. Natl. Acad. Sci. USA 1996, 93, p 13152-13157. 
Reverse transcriptase inhibitors and protease inhibitors are clinically used as an anti-HIV agent, however agents having 
the same mechanism of action often exhibit cross-resistance or only an additional activity. Therefore, anti-HIV agents 

20 having the other mechanism of action are desired. 

[0004] Some integrase inhibitors have recently been reported, for example, 1 ,3-dioxo butenoic acid group or 1 ,3-pro- 
pandione group described in WO99/50245, WO99/62520, W099/62897, W099/62513, WO00/39086 and 
WO0 1/00578. 

[0005] Additionally, benzimidazole derivatives, anti-platelet agents are described in Chem. Pharm. Bull. 42(3) 
25 560-569 (1994). They have similar structures to those of the present invention compounds. 

[0006] W098/45269 and J. Med. Chem. 2000, 43, 1533-1540 describe the following compounds with inhibitory ac- 
tivity against HIV integrase. 



30 O OH 



35 




Wherein R B ' is hydroxy or alkoxy, Z 2 ' is alkylene or alkenylene, R 1 ' is optionally substituted aryl or optionally substituted 
heteroaryl. 

[0007] Furthermore, in US 3113135, 5-benzyl-7.acetyl-8-hydroxyquinoline and 5-phenyl-7-acetyl-8-hydroxyquino- 
40 line are described. 

[0008] Under the above circumstance, the development of a novel integrase inhibitor has been desired. 
Disclosure of Invention 

45 [0009] The present inventors have intensively studied to find that a novel nitrogen-containing heteroaryl compound, 
namely, a compound of the formula (I): 



Y 



50 




(wherein 
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is a condensed nitrogen-containing heterocycle (A ring is nitrogen-containing heterocycle; B ring is carbon ring or 
heterocycle; Z 4 , Z 5 and Z 9 each is independently carbon atom or nitrogen atom); 
Y is hydroxy, mercapto or amino; 
R A is a group of the formula: 




(wherein C ring is nitrogen-containing heteroaryl) 
or a group of the formula: 




(wherein X is oxygen atom, sulfur atom or NH; R B is hydrogen or a group selected from the substitution group A); 
and at least one of A ring, B ring and R A is substituted with a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 
each is independently a bond, optionally substituted alkylene or optionally substituted alkenylene; Z 2 is a bond, op- 
tionally substituted alkylene, optionally substituted alkenylene, -CH(OH)-, -S-, -SO-, -S0 2 -, -S0 2 NR 2 -, -NR 2 S0 2 -, -O-, 
-NR 2 -, -NR 2 CO-, -CONR 2 -, - C(=0)-0- t -0-C(=0)- or -CO-; R 2 is hydrogen, optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted aryl or optionally substituted heteroaryl; R 1 is optionally substituted aryl, 
optionally substituted heteroaryl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl or optionally sub- 
stituted heterocycle.); 

and A ring, B ring or R A is optionally substituted with one to six group(s) selected from the substitution group A at any 
position except for the position, at which the group shown by the above-mentioned formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , 
Z 2 Z 3 and R 1 are the same meanings as above.) is substituted , each broken line shows the presence or absence of 
a bond, except that each neighboring broken line simultaneously shows the presence of a bond, provided a compound 
of the formula : 




(wherein R B ' is hydroxy or alkoxy, Z 2 ' is alkylene or alkenylene, R 1 ' is optionally substituted aryl or optionally substituted 
heteroaryl.), 5-benzyl-7-acetyl-8-hydroxyquinoline and 5-phenyl-7-acetyl-8-hydroxyquinoline are excluded.), (herein- 
after referred to as "a compound of the present invention"), a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof has inhibitory activity against integrase. 

[0010] Moreover, the present inventors have discovered that a compound of the present invention and a pharma- 
ceutical composition containing the same are useful as an antiviral agent, an anti retroviral agent, an anti-HIV agent, 
an anti-HTLV-1 (Human T cell leukemia virus type 1) agent, an anti-FIV (Feline immunodeficiency virus) agent or an 
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anti-SIV (Simian immunodeficiency virus) agent, especially an anti-HIV agent, an integrase inhibitor, to accomplish the 
present invention. 

[0011] The present invention provides a compound of the present invention, a prodrug, a pharmaceutical^ accept- 
able salt or a solvate thereof, a pharmaceutical composition including them as active ingredients, an antiviral agent, 
an anti-HIV agent, an integrase inhibitor and a mixture of anti-HIV agents. These are especially useful not only as an 
anti-HIV agent but also as an anti-AlDS agent for diseases including AIDS and AIDS related clinical symptom, for 
example, AIDS related complication (ARC), persistent generalized lymphadenopathy(PGL), Kaposi sarcoma, Pneu- 
mocystis carini pneumonia, sudden thrombocy topenic purpura, AIDS related neurological symptom, for example, AIDS 
dementia complications, AIDS-associated encephalopathy, multiple sclerosis or tropical spastic paraparesis, and an- 
ti-HIV antibody positive and HIV positive symptom in asymptomatic patients. 
[0012] The present invention is, 

(1) a compound of the formula (I): 



is a condensed nitrogen-containing heterocycle (A ring is nitrogen-containing heterocycle; B ring is carbon ring or 
heterocycle; Z 4 , Z 5 and Z 9 each is independently carbon atom or nitrogen atom); 
Y is hydroxy, mercapto or amino; 
R A is a group of the formula: 



Y 




(wherein 





(wherein C ring is nitrogen-containing heteroaryl) 
or a group of the formula: 



X 




(wherein X is oxygen atom, sulfur atom or NH; R B is hydrogen or a group selected from the substitution group A); 
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and at least one of A ring, B ring and R A is substituted with a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and 
Z 3 each is independently a bond, optionally substituted alkylene or optionally substituted alkenylene; Z 2 is a bond, 
optionally substituted alkylene, optionally substituted alkenylene, -CH(OH)-, -S-, -SO-, -S0 2 -, -S0 2 NR 2 -, 
-NR 2 S0 2 -, -O-, -NR 2 -, -NR 2 CO-, -CONR 2 -, -C(=0)-0-, -0-C(=0)- or -CO-; R 2 is hydrogen, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted aryl or optionally substituted heteroaryl; R 1 is optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted cycloalkyl, optionally substituted cycloalke- 
nyl or optionally substituted heterocycle.); 

and A ring, B ring or R A is optionally substituted with one to six group(s) selected from the substitution group A at 
any position except for the position at which the group shown by the above-mentioned formula :-Z 1 -Z 2 -Z 3 -R 1 
(wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above.) is substituted, each broken line shows the presence 
or absence of a bond, except that each neighboring broken line simultaneously shows the presence of a bond, 
provided a compound of the formula: 



(wherein R B ' is hydroxy or alkoxy, Z 2 ' is alkylene or alkenylene, R r is optionally substituted aryl or optionally sub- 
stituted heteroaryl), benzyl5-benzyl-7-acetyl-8-hydroxyquinoline and 5-phenyl-7-acetyl-8-hydroxyquinoline are ex- 
cluded. 

The substitution group A is halogen, alkoxycarbonyl, carboxy, optionally substituted alkyl, alkoxy, alkoxyalkyl, nitro, 
hydroxy, optionally substituted alkenyl, alkynyl, alkylsulfonyl, optionally substituted amino, alkylthio, alkylthioalkyl, 
haloalkyl, haloalkoxy, haloalkoxy alkyl, cycloalkyl, cycloalkenyl, oxo, thioxo, alkylenedioxy, alkylene, alkenylene, 
nitroso, azide, amidino, guanidino, cyano, isocyano, mercapto, optionally substituted carbamoyl, sulfamoyl, sul- 
foamino, formyl, alkylcarbonyl, alkylcarbonyloxy, hydrazine morpholino, optionally substituted aryl, optionally sub- 
stituted heteroaryl, optionally substituted heterocycle, optionally substituted aralkyl, optionally substituted heter- 
oaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally substituted arylthio, option- 
ally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted heteroaralkyloxy, optionally 
substituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted aryloxyalkyl, optionally sub- 
stituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, optionally substituted heteroarylthioalkyl, optionally 
substituted arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted aralkylsulfonyl- and option- 
ally- substituted heteroaralkylsulfonyl), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(2) a compound according to the above (1 ) wherein a nitrogen atom neighboring Z 9 on A ring binds to a neighboring 
atom with a double bond and to another neighboring atom with a single bond, a prodrug, a pharmaceutical^ 
acceptable salt or a solvate thereof, 

(3) a compound according to the above (1) wherein 



(wherein A ring, B ring, Z 4 , Z 5 and Z 9 are the same meanings as above (1)) is a condensed nitrogen-containing 
heterocycle, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(4) a compound according to the above (1 ) (wherein at least one of A ring, B ring and R A is substituted with a group 
of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), and the other parts 
are optionally substituted with groups selected from the substitution group A), wherein A ring of 



O 



OH 
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(wherein Y and R A are the same meanings as above (1)) or 
A ring is the formula: 




and B ring is the formula: 




(wherein Y and R A are the same meanings as above 1 ), a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof, 

(5) a compound according to the above (4) (wherein at least one of A ring, B ring and R A is substituted with a group 
of the formula:-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), and the other parts 
are optionally substituted with groups selected from the substitution group A), wherein 



(wherein Y and R A are the same meanings as above(1)); Z 7 is an oxygen atom, a sulfur atom,-CH=CH- or NH), a 
prodrug, a pharmaceutical ly acceptable salt or a solvate thereof, 

(6) a compound according to any one of the above (1) to (5) wherein a group selected from the substitution group 
A is halogen, alkoxycarbonyl, carboxy, optionally substituted alkyl, atkoxy, alkoxyalkyl, nitro, hydroxy, optionally 
substituted alkenyl, alkynyl, alkylsulfonyl, optionally substituted amino, alkylthio, alkylthioalkyl, haloalkyl, 
haloalkoxy, haloalkoxyalkyl, cycloalkyl, cycloalkenyl, oxo, alkylenedioxy, alkylene, alkenytene, azide, cyano, mer- 
capto, optionally substituted carbamoyl, sulfamoyl, sulfoamino, formyl, alkylcarbonyl, alkylcarbonyloxy, optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocycle, optionally substituted aralkyl, 
optionally substituted heteroaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally 
substituted arylthio, optionally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted 
heteroaralkyloxy, optionally substituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted 
aryloxyalkyl, optionally substituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, optionally substituted 
heteroarylthioalkyl, optionally substituted arylsutfonyl, optionally substituted heteroarylsulfonyl, optionally substi- 




(wherein Z 4 , Z 5 , Z 9 , Y and R A are the same meanings as above(1)) is the formula: 



Y 
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tuted aralkylsulfonyl or optionally substituted heteroaralkylsulfonyl, a prodrug, a pharmaceutical^ acceptable salt 
or a solvate thereof, 

(7) a compound according to the above (6) wherein a group selected from the substitution group A is halogen, 
optionally substituted alkyl, alkoxy, hydroxy, optionally substituted atkenyl, optionally substituted amino, cyano, 
optionally substituted carbamoyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted 
heterocycle, optionally substituted aralkyl or optionally substituted aryloxyalkyl, a prodrug, a pharmaceutical^ ac- 
ceptable salt or a solvate thereof, 

(8) a compound according to any one of the above (1 ) to (7) wherein the formula: -Z 1 -Z2-Z 3 -R 1 is the formula: -Z 1 - 
Z2-Z3-R 1 (wherein Z 1 is a bond or alkylene; Z 3 is a bond; Z 2 is optionally substituted alkylene, alkenylene, -S- or 
-O-; R 1 is optionally substituted aryl, optionally substituted heteroaryl or optionally substituted cycloalkyl), a prod- 
rug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(9) a compouiid according to any one of the above (1) to (8) wherein RA is the formula: 



(wherein C ring is the same meaning as above(1)), a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof, 

(10) a compound according to the above (9) wherein an atom neighboring the atom at the bonding position on C 
ring is nitrogen atom which binds to the neighboring atom with a double bond and to another neighboring atom 
with a single bond, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(11) a compound according to the above (10) wherein an atom neighboring the atom at the bonding position on C 
ring is nitrogen atom which binds to the neighboring atom with a double bond and to another neighboring atom 
with a single bond, and another atom neighboring the atom at the bonding position is a heteroatom, a prodrug, a 
pharmaceutical^ acceptable salt or a solvate thereof, 

(12) a compound according to the above (9) (wherein at least one of A ring, B ring and C ring is substituted with 
a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), and the 
other parts are optionally substituted with groups selected from the substitution group A), wherein the formula: 





(wherein C ring is the same meaning as above (1)) is the formula: 
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, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(13) a compound according to any one of the above (9) to (12) wherein C ring is substituted with a group of the 
formula:-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 Z 2 , Z 3 and R 1 are the same meanings as above (1 )), a prodrug, a pharmaceutical^ 
acceptable salt or a solvate thereof, 

(14) a compound according to any one of the above (1) to (8) (wherein at least one of A ring, B ring and R B is 
substituted with a group of the formula:-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above 
(1)), and the other parts are optionally substituted with groups selected from the substitution group A), wherein R A 
is the formula: 




(wherein X and R B are the same meanings as above (1)), a prodrug, a pharmaceutical^ acceptable salt or a 
solvate thereof, 

(15) a compound according to the above (14) (wherein at least one of A ring, B ring or R B is substituted with a 
group of the formula:-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), and the other 
parts are optionally substituted with groups selected from the substitution group A), wherein X is oxygen atom, R B 
is hydroxy, alkoxy, optionally substituted amino, optionally substituted heteroaryl or optionally substituted aryl, a 
prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(16) a compound according to the above (14) or (15) wherein R B is substituted with a group of the formula :-Z 1 - 
Z2-Z3-R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1 )), a prodrug, a pharmaceutical^ acceptable 
salt or a solvate thereof, 

(17) a compound according to any one of the above (1) to (16) wherein A ring or B ring is substituted with a group 
of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), a prodrug, a phar- 
maceutically acceptable salt or a solvate thereof, 

(18) a compound according to the above (1) which is the formula: 




(wherein R B is hydrogen or a group selected from the substitution group A, Z 6 is =C(-R 5 )-or =N-, at least one of 
R 3 to R 6 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the others 
are hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or 
a solvate thereof, 

(19) a compound according to the above (18) wherein R B is hydroxy, alkoxy, optionally substituted amino, hetero- 
cycle, heteroaryl or aryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 6 is the formula i-Z^-Z^R 1 (wherein Z 1 and Z 3 
are bonds, Z 2 is a bond, alkylene or alkenylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, 
alkoxy, haloalkyl and/or azide)), the others are aralkyl optionally substituted with halogen, hydrogen, halogen or 
alkyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(20) a compound according to the above (1) which is the formula: 
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R 7 O OH 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, Z 6 is =C(-R 5 )- or =N-, at least one of R 3 to 
R 10 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the others are 
hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a 
solvate thereof, 

(21) a compound according to the above (20) wherein R B is heteroaryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 10 is 
the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the sub- 
stituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, alkyl or halogen, a prodrug, 
a pharmaceutical^ acceptable salt or a solvate thereof, 

(22) a compound according to the above (1) which is the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Y is hydroxy or mercapto, Z 6 is =C(-R 5 )-, or =N-, Z 7 is -N(-R 3 )-, 
-S- or -O-, at least one of R 3 to R 6 and R 11 to R 13 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the 
same meanings as above (1 )), the others are hydrogen or groups selected from the substitution group A), a prodrug, 
a pharmaceutical^ acceptable salt or a solvate thereof, 

(23) a compound according to the above (22) wherein C ring is 1,3,4-oxadiazol-2-yl, oxazol-2-yl, thiazol-2-yl, 
1,3,4-thiadiazol-2-yl, 1 ,2,4-triazol-3-yl, imidazol-2-yl or pyrimidin-2-yl, Z 6 is =C(-R 5 )-, or =N-, Z 7 is -N(-R 3 )-, -S- or 
-O- at least one of R 3 to R 6 and R 11 to R 13 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 is a bond or alkylene, Z 2 is a 
bond, alkylene optionally substituted with aryl, alkenylene, -O- or -NH-, Z 3 is a bond, R 1 is optionally substituted 
aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide ), optionally substituted heteroaryl (the 
substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide ) or optionally substituted cycloalkyl (the substituents 
are alkyl, halogen, alkoxy, haloalkyl and/or azide )), the others are hydrogen, halogen, optionally substituted alkyl 
(the substituents are halogen, alkoxycarbonyl, carboxy, alkoxy, hydroxy, optionally substituted carbamoyl (the sub- 
stituent is alkyl ), alkenyloxy and/or phthalimide), aralkyl optionally substituted with halogen, aryl optionally sub- 
stituted with halogen, carbamoyl optionally substituted with alkyl, amino optionally substituted with acyl or alkylthio, 
a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(24) a compound according to the above (1) which is the formula: 
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O OH 




(wherein R B is hydrogen or a group selected from the substitution group A, Z 10 is -C(-R 16 = or -N=, at least one of 
R 14 to R 18 is the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1 )), the others 
are hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or 
a solvate thereof; 

(25) a compound according to the above (24) wherein R 15 is the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 
are the same meanings as above (1)), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(26) a compound according to the above (24) wherein R 14 is hydrogen, alkyl, alkenyl, halogen, haloalkyl, alkoxy, 
haloalkoxy or optionally substituted amino, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(27) a compound according to the above (24) wherein R B is hydroxy, alkoxy, optionally substituted amino, alkyl, 
cycloalkyl or aryl, at least one of R 14 to R 18 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is 
alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the 
others are hydrogen, halogen, optionally substituted alkyl (the substituents are alkoxycarbonyl and/or carboxy), 
optionally substituted alkenyl (the substituents are alkoxycarbonyl and/or carboxy), aryl, aralkyl optionally substi- 
tuted with halogen, optionally substituted carbamoyl, cyano or formyi, a prodrug, a pharmaceutical^ acceptable 
salt or a solvate thereof, 

(28) a compound according to the above (24) wherein R B is hydroxy, alkoxy, optionally substituted alkyl (the sub- 
stituents are alkoxy and/or optionally substituted amino), optionally substituted aryl, optionally substituted heter- 
oaryl, cycloalkyl or optionally substituted amino (the substituents are alkyl and/or alkoxy), R 14 is hydrogen, alkyl, 
alkenyl, halogen, haloalkyl, alkoxy, haloalkoxy or optionally substituted amino, one of R 15 and R 16 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are 
alkyl, halogen, alkoxy, haloalkyl and/or azide)), the other is hydrogen, alkyl or halogen, R 17 is hydrogen, halogen, 
optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy, alkoxy, optionally substituted amino and/ 
or optionally substituted carbamoyl (the substituents are alkyl and/or alkylene)), optionally substituted alkenyl (the 
substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), optionally substituted car- 
bamoyl (the substituents are alkyl, alkylene, alkoxyalkyl, aralkyl, aryl and/or heteroaryl), alkoxycarbonyl, carboxy, 
alkoxy, optionally substituted sulfamoyl, optionally substituted amino, cyano or formyi, R 18 is hydrogen, alkyl or 
halogen, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(29) a compound according to the above (24) wherein R B is hydroxy, alkoxy, optionally substituted alky! (the sub- 
stituents are alkoxy and/or optionally substituted amino), optionally substituted aryl, optionally substituted heter- 
oaryl, cycloalkyl or optionally substituted amino (the substituents are alkyl and/or alkoxy), R 14 is hydrogen, alkyl, 
alkenyl, halogen, haloalkyl, alkoxy, haloalkoxy or optionally substituted amino, R 15 is the formula :-Z 1 -Z 2 -Z 3 -R 1 
(wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, 
alkoxy, haloalkyl and/or azide )), R 16 , R 17 and R 18 each is independently hydrogen, halogen, optionally substituted 
alkyl (the substituents are alkoxycarbonyl, carboxy, alkoxy, optionally substituted amino and/or optionally substi- 
tuted carbamoyl (the substituents are alkyl and/or alkylene)), optionally substituted alkenyl (the substituents are 
alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), optionally substituted carbamoyl (the substitu- 
ents are alkyl, alkylene, alkoxyalkyl, aralkyl, aryl and/or heteroaryl), alkoxycarbonyl, carboxy, alkoxy, optionally 
substituted sulfamoyl, optionally substituted amino, cyano or formyi, a prodrug, a pharmaceutical acceptable salt 
or a solvate thereof, 

(30) a compound according to the above (24) wherein R B is hydroxy or alkoxy, R 14 is hydrogen, alkyl, halogen, 
one of R 15 and R 16 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally 
substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide )), the other is hydrogen, alkyl 
or halogen, R 17 is hydrogen; halogen, optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy 
and/or optionally substituted carbamoyl), optionally substituted alkenyl (the substituents are alkoxycarbonyl, car- 
boxy and/or optionally substituted carbamoyl), optionally substituted carbamoyl, cyano or formyi, R 18 is hydrogen, 
alkyl or halogen, a prodrug, a pharmaceutically acceptable salt or a solvate thereof, 
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(31) a compound according to the above (24) wherein R 17 is optionally substituted carbamoyl, a prodrug, a phar- 
maceutical^ acceptable salt or a solvate thereof, 

(32) a compound according to the above (1) which is the formula : 



R 7 O OH 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, Z 10 is -C(-R 16 )= or -N=, R 19 is -O-, -C(- 
R 17 =:C(-R 18 )- or -CH(-R 17 )-CH(-R 18 )-, at least one of R 7 to R 10 and R 14 to R 18 is the formula :-Z 1 -Z2-Z 3 -R 1 (wherein 
Z 1 ,Z 2 ,Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups selected from the 
substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(33) a compound according to the above (32) wherein R B is heteroaryl, at least one of R 7 to R 10 and R 14 to R 18 
is the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene or -S-, R 1 is optionally substituted aryl 
(the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl, a 
prodrug, a pharmaceutical ly acceptable salt or a solvate thereof, 

(34) a compound according to the above (1) which is the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Z 10 is -C(-R 16 )= or -N=, at least one of R 11 to R 18 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 ,Z 2 ,Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups 
selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(35) a compound according to the above (34) wherein C ring is pyrimidin-2-yl, pyridin-2-yl, 1,3,4-oxadiazole-2-yl, 
1,3,4-thiadiazol-2-yl, thiazol-2-yl or imidazol-2-yl, at least one of R 11 to R 18 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein 
Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, 
haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl, a prodrug, a pharmaceutical^ acceptable salt 
or a solvate thereof, 

(36) a compound according to the above (1) which is the formula: 
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10 




15 (wherein C ring is nitrogen-containing heteroaryl, Z 8 is -O-, -N(-R 17 )- or -S-; at least one of R 11 to R 17 is the formula 

formula i-Z^Z^Z^R 1 (wherein Z 1 ,2?,Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or 
groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(37) a compound according to the above (36) wherein C ring is 1 ,3,4-oxadiazof-2-yl or 1,3,4-thiadiazol-2-yl, Z 8 is 
-O-, at least one of R 11 to R 17 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is 

20 optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hy- 

drogen, halogen or alkyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(38) a compound according to the above (1) which is the formula : 



25 



30 




(wherein C ring is nitrogen-containing heteroaryl and at least one of R 3 , R 4 , R 6 and R 11 to R 13 is the formula :-Z 1 - 
Z 2 -Z 3 -R 1 (wherein Z 1 ,Z 2 ,Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups 
selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof, 

(39) a compound according to the above (38) wherein C ring is 1 ,3,4-oxadiazol-2-yl, at least one of R 3 ,R 4 ,R 6 and 
40 rh to R 13 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted 

aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl, 
a prodrug, a pharmaceutically acceptable salt or a solvate thereof, 

(40) a compound according to the above (1) which is the formula: 

45 



R 7 O OH 



50 




55 

(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, at least one of R 3 to R 10 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 ,Z 2 Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups 
selected from the substitution group A), a prodrug, a pharmaceutically acceptable salt or a solvate thereof, 
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(41) a pharmaceutical composition containing the compound according to any one of the above (1) to (40), a 
prodrug, a pharmaceutical^ acceptable salt or a solvate thereof as the active ingredient, 

(42) a pharmaceutical composition according to the above(41) which is an enzyme inhibitor, 

(43) a pharmaceutical composition according to the above(42) which is a nucleic acid related enzyme inhibitor, 

(44) a pharmaceutical composition according to the above(43) which is an HIV integrase inhibitor, 

(45) a pharmaceutical composition according to the above(41) which is an aniti-HIV agent, 

(46) a pharmaceutical composition according to the above(41 ) which is a critical prevention agent or a therapeutic 
agent for AIDS or AIDS related complication, 

(47) a mixture of anti-HIV agents which comprises a pharmaceutical composition according to the above(44) in 
combination with a reverse transcriptase inhibitor and/or a protease inhibitor, 

(48) a pharmaceutical composition according to the above(44) which has an activity enhancing the anti-HIV activity 
of a reverse transcriptase inhibitor and/or a protease inhibitor, 

(49) a method for the critical prevention or treatment of AIDS or AIDS related complication, which comprises ad- 
ministering a pharmaceutical composition according to the above(41), 

(50) use of the compound according to any one of the above (1) to (40) for the manufacture of a pharmaceutical 
composition for the critical prevention or treatment of AIDS or AIDS related complication. 

[0013] The present invention is explained in detail blow. 

[0014] The followings are the character of compound of the formula ( I ): 



Y 




(wherein A ring, B ring, Z 4 , Z 5 , Z 9 , Y and R A are the same meanings as above (1)) 




(wherein A ring, B ring, Z 4 , Z 5 and Z 9 are the same meanings as above (1)) is a condensed nitrogen-containing 
heterocycle 

2) A ring has the nitrogen atom at the adjacent position of Z 9 as a constituent atom of the ring. 

3) B ring has Y as a substituent at the adjacent position of 2P. 

4) Y is hydroxy, mercapto or amino. 

5) B ring has R A as a substituent at Z 4 which is the adjacent position of the atom in which Y is substituted. 

6) R A is a group of the formula : 




(wherein C ring is the same meaning as above (1)) or the formula : 
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(wherein X and R B are the same meanings as above (1)) 

7) A ring, B ring or R A is substituted with a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the 
same meanings as above (1)) at at least one of the substitutable positions (except for the nitrogen atom next to 
Z 9 on A ring and the nitrogen atom next to the bonding position on C ring.) 

8) A ring, B ring, C ring or R B is optionally substituted with one to six group(s) selected from the substitution group 
A at the other substitutable positions than the position at which a group of the formula: -Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , 
Z 2 , Z 3 and R 1 are the same meanings as above (1)) is substituted (except for the nitrogen atom next to Z 9 on A 
ring and the nitrogen atom next to the bonding position on C ring). 



[0015] The compound of the formula (I) includes a compound of the formula (II): 





(wherein A ring, B ring, Z 4 , Z 5 , Z 9 , Y, R B and X are the same meanings as above (1)). 

[0016] And in the above formula (II) and formula (III), A ring, B ring or R A (C ring or R B ) is substituted a group of the 
formula: -Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above ( 1 )) at at least one of the substitutable 
positions (except for the nitrogen atom next to Z 9 on A ring and the nitrogen atom next to the bonding position on C 
ring.), and A ring, B ring or R A (C ring or R B ) is optionally substituted with one to six group(s) selected from substitution 
group A at the other substitutable positions than the position at which a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein 
Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) is substituted (except for the nitrogen atom next to Z 9 on A 
ring and the nitrogen atom next to the bonding position on C ring). 
[0017] Among the compound of the formula (II), the preferable embodiments are below. 
A compound of the formula (ll-A): 
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(H-A) 



(wherein A ring, B ring, C ring, Z 4 Z 5 , Z 9 , Y, Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) and a compound 
of the formula (ll-B): 




(n-B) 



(wherein A ring, B ring, C ring, Z 4 , Z 5 , Z 9 , Y, Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) are preferable. 
[0018] Among the compound of the formula (III), the preferable embodiments are below. 
A compound of the formula (lll-A): 




(ffl-A) 



(wherein A ring, B ring, Z 4 Z 5 , Z 9 , Y, X, Z 1 , Z 2 , Z 3 R 1 and R B are the same meanings as above (1)) and a compound 
of the formula (lll-B): 




(wherein A ring, B ring, Z 4 Z 5 , Z 9 Y, X, Z 1 , Z 2 , Z 3 R 1 and R B are the same meanings as above (1)) are preferable. 
[0019] A preferable compound of the formula (lll-A) is that wherein R B is the formula : - 

OR (R is optionally substituted alkyl.), which is shown by the formula (lll-C). A preferable compound of the formula 
(lll-B) is that wherein R B is optionally substituted aryl or optionally substituted heteroaryl, which is shown by the formula 
(lll-D). 
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(RisAlkyi.) (HHT) (HUD) 



(wherein A ring, B ring, Z 4 , Z 5 , TP, Y, X, Z 1 , Z 2 , Z 3 R 1 and R B are the same meanings as above (1)). 
[0020] Then, in the compounds above formula (ll-A), formula (ll-B), formula (lll-A), formula (lll-B), formula (lll-C) and 
formula (lll-D), A ring, B ring or R A (C ring or R B ) is optionally substituted with one to six group(s) selected from sub- 
stitution group A at the other substitutable positions than the position at which a group of the formula: -Z^Z^Z^R 1 
(wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) is substituted (except for the nitrogen atom next to 
Z 9 on A ring and the nitrogen atom next to the bonding position on C ring.). 
[0021] The ring of the formula: 




(wherein A ring, Bring, Z 4 , Z 5 and Z 9 are the same meanings as above (1)) means a condensed nitrogen-containing 
heterocycle. Moreover, the broken line shows the presence or absence of a bond, except that each neighboring broken 
line simultaneously shows the presence of a bond. The part shown as a curved line means atom(s) and bond(s), which 
constitutes A ring and B ring. Carbon atom, oxygen atom, nitrogen atom and sulfur atom are listed as constituent atoms, 
and a single bond and a double bond are listed as the bond. Especially, the preferred condensed nitrogen-containing 
heterocycle is an aromatic ring, thus the atom(s) and the bond(s) which constitutes A ring and B ring should be selected 
to make the above condensed nitrogen-containing heterocycle aromatic. 

[0022] Furthermore, preferred is that the number of the heteroatom (oxygen atom, nitrogen atom and sulfur atom) 
constructing the above nitrogen-containing heterocycle is one to six, especially one to four. A ring and B ring construct- 
ing the above nitrogen-containing heterocycle means each 4- to 8-membered ring, especially 5- or 6-membered ring. 
Then, the heteroatom may not be necessarily includedin the atoms constructing B ring. 
[0023] The preferable embodiments of the condensed nitrogen-containing heterocycle are 

1) the case in which the condensed nitrogen-containing heterocycle is 




2) the case in which the condensed nitrogen-containing heterocycle is a aromatic ring, 

3) the case in which a Z 4 , Z 5 and Z 9 are carbon atoms, B ring is a 6-membered aromatic ring and A ring is a 7- or 
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8-membered nonaromatic ring, 

4) the case in which Z 4 and Z 9 are carbon atoms, Z 5 is nitrogen atom, the bond between Z 9 and the neighboring 
nitrogen atom on A ring is a double bond and A ring is a 7- or 8-membered nonaromatic ring, 

5) the case in which the nitrogen atom next to Z 9 on A ring binds to a neighboring atom with a double bond and 
binds to another neighboring atom with a single bond shown by the following (S 1) and (S2), 




(wherein A ring, B ring, Z 4 , Z 5 and Z 9 are the same meanings as above (1 ); Q is an atom next to the nitrogen atom.). 

[0024] Especially the followings are preferable as A ring and B ring. 
[0025] A ring is the formula: 





and B ring is the formula: 
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or the formula: 
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(wherein Y and R A are the same meanings as above (1)). 
[0027] Another preferred is that A ring is the formula: 




and B ring is the formula: 
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(wherein Y and R A are the same meanings as above (1)). 

[0028] When Z 4 is nitrogen atom, the following examples are conceived. 




(wherein Y and R A are the same meanings as above (1)) 
20 [0029] And the especially preferable combination of A ring and B ring are as follows: 1 ) both are 6-membered rings, 
2) both are 5-membered rings and 3) one is 5-membered ring, the other is 6-membered ring. 1) and 3) are especially 
preferable. In case of 3), preferable is that A ring is 5-membered ring, B ring is 6-membered ring. 
[0030] Especially, the ring of the following formula is preferable: 



30 




(wherein Y and R A are the same meanings as above (1), Z 7 is the same meaning as above (5)), furthermore, preferred 
is that Z 7 is NH. 

35 [0031] Namely, as a compound of the present invention, the followings are preferable, 
(A-1) a compound of the formula: 




50 (wherein R B is hydrogen or a group selected from the substitution group A, Z 6 is =C(-R 5 )-or =N-, at least one of 

R 3 to R 6 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), 
the others are hydrogen or groups selected from the substitution group A), 
(A-2) a compound of the formula: 
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R 7 O OH 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycte, Z 6 is =C(-R 5 )- or =N-, at least one of R 3 to 
R 10 is a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the 
others are hydrogen or groups selected from the substitution group A), 
(A-3) a compound of the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Y is hydroxy or mercapto, Z 6 is =C(-R 5 )- or =N-, Z 7 is -N(-R 3 )-, 
-S- or -O-, at least one of R 3 to R 6 and R 11 to R 13 is a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and 
R 1 are the same meanings as above (1 )), the others are hydrogen or groups selected from the substitution group A) 
(A-4) a compound of the formula: 



O OH 




(wherein R B is hydrogen or a group selected from the substitution group A, Z 10 is-C(-R 16 )= or -N=, at least one of 
R14 t0 rib j S a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above 
(1)), the others are hydrogen or groups selected from the substitution group A. However, 
a compound of the formula: 



O OH 




(wherein R B ' is hydroxy or alkoxy, Z 2 ' is alkylene or alkenylene, R 1 ' is optionally substituted aryl or optionally sub- 
stituted heteroaryl), benzy!5-benzyl-7-acetyl-8-hydroxyquinoline and 5-phenyl-7-acetyl-8-hydroxyquinoline are ex- 
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eluded.), 

(A-5) a compound of the formula: 



R 7 O OH 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, Z 10 is -C(-R 16 )= or -N=, R 19 is -O-, -C(-R 17 ) 
=C(-R 18 )- or -CH(-R 17 )-CH(-R 18 )-, at least one of R 7 to R 10 and R 14 to R 18 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 
(wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups selected from 
the substitution group A), 
(A-6) a compound of the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Z 10 is -C(-R 16 )= or -N=, at least one of R 11 to R 18 is a group of 
the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1 )), the others are hydrogen 
or groups selected from the substitution group A) 
(A-7) a compound of the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Z 8 is -O-, -N(-R 17 )-or -S-; at least one of R 11 to R 17 is a group 
of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 Z 3 and R 1 are the same meanings as above (1)), the others are 
hydrogen or groups selected from the substitution group A) 
(A-8) a compound of the formula: 
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(wherein C ring is nitrogen-containing heteroaryl, at least one of R 3 , R 4 , R 6 and R 11 to R 13 is a group of the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen or groups 
selected from the substitution group A) 

(A-9) a compound according to the above (1) which is the formula: 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, at least one of R 3 to R 10 is a group of the 
formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), the others are hydrogen 
or groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

[0032] Especially, as to (A-1 ), preferred is the compound wherein R B is hydroxy, alkoxy, optionally substituted amino, 
heterocycle, heteroaryl or aryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 6 is a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein 
Z 1 and Z 3 are bonds, Z 2 is a bond, alkylene or alkenylene, R 1 is optionally substituted aryl (the substituents are alkyl, 
halogen, alkoxy, haloalkyl and/or azide)), the others are aralkyl optionally substituted with halogen, hydrogen, halogen 
or alkyl. 

[0033] As to (A-2), preferred is the compound wherein R B is heteroaryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 10 is 
a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the 
substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, alkyl or halogen. 
[0034] As to (A-3), preferred is the compound wherein C ring is 1 ,3,4-oxadiazol-2-yl, oxazol-2-yl, thiazol-2-yl, 
1,3,4-thiadiazol-2-yl, 1 ,2,4-triazol-3-yl, imidazol-2-yl or pyrimidin-2-yl, Z 6 is =C(-R 5 )- or =N-, Z 7 is -N(-R 3 )-, -S- or -O-, 
at least one of R 3 to R 6 and R 11 to R 13 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 is a bond or alkylene, Z 2 is 
a bond, alkylene optionally substituted with aryl, alkenylene, -O- or -NH-, Z 3 is a bond, R 1 is optionally substituted aryl 
(the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide), optionally substituted heteroaryl (the substituents 
are alkyl, halogen, alkoxy, haloalkyl and/or azide) or optionally substituted cycloalkyl (the substituents are alkyl, halo- 
gen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen, optionally substituted alkyl (the substituents 
are halogen, alkoxycarbonyl, carboxy, alkoxy, hydroxy, optionally substituted carbamoyl (the substituent is alkyl), alke- 
nyloxy and/or phthalimide), aralkyl optionally substituted with halogen, aryl optionally substituted with halogen, car- 
bamoyl optionally substituted with alkyl, amino optionally substituted with acyl, or alkylthio. 

[0035] As to (A-4), preferred is the compound wherein R 15 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , 
Z 3 and R 1 are the same meaning as above (1)), 

the compound according to the above (24) wherein R 14 is hydrogen, alkyl, alkenyl, halogen, haloalkyl, alkoxy, 
haloalkoxy or optionally substituted amino, 

the compound wherein R B is hydroxy, alkoxy, optionally substituted amino, alkyl, cycloalkyl or aryl, at least one of R 14 
to R 18 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted 
aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen, optionally 
substituted alkyl (the substituents are alkoxycarbonyl and/or carboxy), optionally substituted alkenyl (the substituents 
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are alkoxycarbonyl and/or carboxy), aryl, aralkyl optionally substituted with halogen, optionally substituted carbamoyl, 
cyano or formyl, 

the compound wherein R B is hydroxy, alkoxy, optionally substituted alkyl (the substituents are alkoxy and/or optionally 
substituted amino), optionally substituted aryl, optionally substituted heteroaryl, cycloalkyl or optionally substituted 

5 amino (the substituents are alkyl and/or alkoxy), R 14 is hydrogen, alkyl, alkenyl, halogen, haloalkyl, alkoxy, haloalkoxy 
or optionally substituted amino, one of R 15 and R 16 is a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 and Z 3 are 
bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or 
azide)), another is hydrogen, alkyl or halogen, R 17 is hydrogen, halogen, optionally substituted alkyl (the substituents 
are alkoxycarbonyl, carboxy, alkoxy, optionally substituted amino and/or optionally substituted carbamoyl (the substit- 

10 uents are alkyl and/or alkylene)), optionally substituted alkenyl (the substituents are alkoxycarbonyl, carboxy and/or 
optionally substituted carbamoyl), optionally substituted carbamoyl (the substituents are alkyl, alkylene, alkoxyalkyl, 
aralkyl, aryl and/or heteroaryl), alkoxycarbonyl, carboxy, alkoxy; optionally substituted sutfamoyl, optionally substituted 
amino, cyano or formyl, R 18 is hydrogen, alkyl or halogen, 

the compound wherein R B is hydroxy, alkoxy, optionally substituted alkyl(the substituent is alkoxy and/or optionally 

15 substituted amino), optionally substituted aryl, optionally substituted heteroaryl, cycloalkyl or optionally substituted 
amino (the substituent is alkyl and/or alkoxy), R 14 is hydrogen, alkyl, alkenyl, halogen, haloalkyl, alkoxy, haloalkoxy or 
optionally substituted amino, R 15 is a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, 
R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), R 16 , R 17 and R 18 
each is independently hydrogen, halogen, optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy, 

20 alkoxy, optionally substituted amino and/or optionally substituted carbamoyl (the substituent is alkyl and/or alkylene)), 
optionally substituted alkenyl (the substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), 
optionally substituted carbamoyl (the substituents are alkyl, alkylene, alkoxyalkyl, aralkyl, aryl and/or heteroaryl), alkox- 
ycarbonyl, carboxy, alkoxy, optionally substituted sulfamoyl, optionally substituted amino, cyano or formyl, 
and the compound wherein R B is hydroxy or alkoxy, R 14 is hydrogen, alkyl, halogen, one of R 15 and R 16 is a group of 

25 the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents 
are alkyl, halogen, alkoxy, haloalkyl and/or azide)), another is hydrogen, alkyl or halogen, R 17 is hydrogen, halogen, 
optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), op- 
tionally substituted alkenyl(the substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), op- 
tionally substituted carbamoyl, cyano or formyl, R 18 is hydrogen, alkyl or halogen. 

30 [0036] As to (A-5), preferred is the compound wherein R B is heteroaryl, at least one of R 7 to R 10 and R 14 to R 18 is 
the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is -S-, R 1 is optionally substituted aryl (the substituents 
are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl. 

[0037] As to (A-6), preferred is the compound wherein C ring is pyrimidin-2-yl, pyridin-2-yl, 1 ,3,4-oxadiazol-2-yl, 
1 ,3,4-thiadiazol-2-yl, thiazol-2-yl, or imidazol-2-yl, at least one of R 11 to R 18 is a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 
35 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, 
alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl. 

[0038] As to (A-7), preferred is the compound wherein C ring is 1 ,3,4-oxadiazol-2-yl or 1 ,3,4-thiadiazol-2-yl, Z 8 is 
-O-, at least one of R 11 to R 17 is a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 
is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydro- 
40 gen, halogen or alkyl. 

[0039] As to (A-8), preferred is the compound wherein C ring is 1 ,3,4-oxadiazol-2-yl, at least one of R 3 , R 4 , R 6 and 
R 11 to R 13 is a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 andZ 3 are bonds, Z 2 is alkylene, R 1 is optionally substi- 
tuted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl. 
[0040] Then, as to (A-4), preferred is the compound wherein R 14 is not substituted alkyl (the substituent is optionally 

45 substituted aryl or optionally substituted heteroaryl) and substituted alkenyl (the substituent is optionally substituted 
aryl or optionally substituted heteroaryl), especially wherein R 14 is not phenylethenyl substituted with hydroxy. Espe- 
cially preferred is the compound wherein R 14 is hydrogen, alkyl or halogen (especially R 14 is hydrogen). And preferred 
is the compound wherein a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as 
above (1)) is substituted on any of R 15 to R 18 (especially R 15 or R 16 ). And preferred is that R 17 is hydrogen, halogen, 

so optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), op- 
tionally substituted alkenyl (the substituents are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), op- 
tionally substituted carbamoyl or cyano. 

[0041 ] The substitution group except for a group of the formula: -Z 1 -Z^ZS-R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same 
meanings as above (1 )), on A ring, B ring, R A , R B of a compound of the present inventionpreferably does not interfere 
55 with the integrase inhibitory activity. Namely, the present invention, is characterized by that the compound of the formula 
(1), the formula (II) and the formula (III) are substituted with a group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z\ Z 2 , Z 3 
and R 1 are the same meanings as above (1 )), and the above compounds may include the substitution group interfering 
with the integrase inhibitory activity. These substitution groups can be selected based on the assay result of the inte- 
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grase inhibitory activity, and the drug design by the computer, as well as the molecular weight, van der Waals radius 
and electostatic nature and so on. 

[0042] Examples of these substitution groups include, not limited thereto, a group selected from the following sub- 
stitution group A. The substitution group A includes halogen, alkoxycarbonyl, carboxy, optionally substituted alkyl, 
alkoxy, alkoxyalkyl, nitro, hydroxy, optionally substituted alkenyl, alkynyl, alkylsulfonyl, optionally substituted amino, 
alkylthio, alkylthioalkyl, haloalkyl, haloalkoxy, haloalkoxyalkyl, cycloalkyl, cycloalkenyl, oxo, thioxo, alkylenedioxy, 
alkylene, alkenyiene, nitrotho, azide, amidino, guanidino, cyano, isocyano, mercapto, optionally substituted carbamoyl, 
sulfamoyl, sulfoamino, formyl, alkylcarbonyl, alkylcarbonyloxy, hydrazino, morpholino, optionally substituted aryl, op- 
tionally substituted heteroaryl, optionally substituted heterocycle, optionally substituted aralkyl, optionally substituted 
heteroaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally substituted arylthio, option- 
ally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted heteroaralkyloxy, optionally sub- 
stituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted aryloxyalkyl, optionally substituted 
heteroaryloxyalkyl, optionally substituted arylthioalkyl, - optionally substituted heteroarylthioalkyl, optionally substituted 
arylsulfonyl, - optionally substituted heteroarylsulfonyl, optionally substituted araikylsulfonyl and optionally substituted 
heteroaralkylsulfonyl. And the compound of the present invention is optionally substituted with a group selected from 
the substitution group A at one to five position(s). 

[0043] The divalent group such as alkylenedioxy, alkylene, alkenyiene may substitute on the same or different atoms 
(for example, neighboring atoms). 

[0044] Among the above substitution groups, especially preferable substitution groups, which substitute on A ring, 
B ring or R A at the other substitutable positions than the position at which a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein 
Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) is substituted (except for the nitrogen atom next to Z 9 on A 
ring and the nitrogen atom next to the bonding position on C ring.) is halogen, alkoxycarbonyl, carboxy, optionally 
substituted alkyl, alkoxy, nitro, hydroxy, optionally substituted alkenyl, alkynyl, alkylsulfonyl, optionally substituted ami- 
no, alkylthio, haloalkyl, haloalkoxy, cycloalkyl, cycloalkenyl, cyano, mercapto, optionally substituted carbamoyl, alkyl- 
carbonyl, alkylcarbonyloxy, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted aralkyl, 
optionally substituted heteroaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally sub- 
stituted arylthio, optionally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted heteroar- 
alkyloxy, optionally substituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted aryloxyalkyl, 
optionally substituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, optionally substituted heteroarylthioalkyl, 
optionally substituted arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted araikylsulfonyl or op- 
tionally substituted heteroaralkylsulfonyl. Moreover, hydrogen, halogen, optionally substituted alkyl, optionally substi- 
tuted alkenyl, optionally substituted amino, cyano, optionally substituted carbamoyl, optionally substituted aryl or op- 
tionally substituted aralkyl is more preferable. 

[0045] Among the above substitution groups, especially preferable substitution group on R B is hydroxy, alkyl, alkoxy, 
optionally substituted amino, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted hete- 
rocycle, optionally substituted aralkyl, optionally substituted heteroaralkyl, optionally substituted aryloxy, optionally sub- 
stituted heteroaryloxy, optionally substituted arylthio, optionally substituted heteroarylthio, optionally substituted aralky- 
loxy, optionally substituted heteroaralkyloxy, optionally substituted aralkylthio, optionally substituted heteraralkylthio, 
optionally substituted aryloxyalkyl, optionally substituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, option- 
ally substituted heteroarylthioalkyl, optionally substituted arylsulfonyl, optionally, substituted heteroarylsulfonyl, option- 
ally substituted araikylsulfonyl or optionally substituted heteroaralkylsulfonyl. Moreover, hydroxy, alkyl, alkoxy, option- 
ally substituted amino, optionally substituted aryl, optionally substituted heteroaryl or optionally substituted heterocycle 
is more preferable. 

[0046] The substitution group Y on B ring which characterizes the compound of the present invention includes hy- 
droxy, mercapto or amino. Especially, hydroxy is preferable. 

[0047] Z 4 includes carbon atom or nitrogen atom. Especially, carbon atom is preferable. 
[0048] Z 5 includes carbon atom or nitrogen atom. 

[0049] Z 9 includes carbon atom or nitrogen atom. Especially, carbon atom is preferable. 
[0050] Z 6 includes -C(-R 5 )= or -N=. 

[0051] Z 7 includes oxygen atom, sulfur atom, -CH=CH- or NH. Especially, NH is preferable. 
[0052] X includes oxygen atom, sulfur atom or NH. Especially, oxygen atom is preferable. 

[0053] The group of the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)), 
characteristic of the compound of the present invention, for example, includes the formula :-R 1 , the formula :-CH 2 -R 1 , 
the formula :-CH=CH-R 1 , the formula :-CH(OH)-R 1 , the formula :-S-R 1 , the formula :-SO-R 1 , the formula :-S0 2 -R 1 , the 
formula :-S0 2 NH-R 1 , the formula :-NHS0 2 -R\ the formula :-0-R 1 , the formula :-NH-R 1 , the formula :-NHCO-R\ the 
formula :-CONH-R 1 , the formula :-C(=0)--R\ the formula :-0-C(=0)-R 1 , the formula :-CO-R 1 , the formula :-C 2 H 4 -R 1 , 
the formula :-CH=CH-CH 2 -R 1 , the formula :-CH(OH)-CH 2 -R 1 , the formula :-S-CH 2 -R 1 , the formula :-SO-CH 2 -R\ the 
formula :-S0 2 -CH 2 -R 1 , the formula :-S0 2 NH-CH 2 -R 1 , the formula :-NHS0 2 -CH 2 -R 1 , the formula :-0-CH 2 -R\ the 
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formula :-NH-CH 2 -R 1 , the formula :-NHCO-CH 2 -R 1 , the formula :-CONH-CH 2 -R 1 , the formula :-C(=0)-0-CH 2 -R 1 , the 
formula :-0-C(=0)-CH 2 -R 1 , the formula :-CO-CH 2 -R 1 , the formula :-CH=CH-CH=CH-R 1 , the formula :-CH=CH-CH 
(OH)-R 1 , the formula :-CH=CH-S-R\ the formula :-CH=CH-SO-R 1 , the formula :-CH=CH-S0 2 -R 1 , the formula: 
. CH=CH . S 0 2NH . R 1 ( the formula :-CH=CH-NHS0 2 -R 1 , the formula :-CH=CH-0-R 1 , the formula :-CH=CH-NH-R 1 , the 

s formula :-CH=CH-NHCO-R\ the formula :-CH=CH-CONH-R 1 , the formula :-CH=CH-C(=0)-0-R 1 , the formula: 
-CH=CH-0-C(=0)-R 1 , the formula :-CH=CH-CO-R 1 , the formula :-CH 2 -CH=CH-R 1 , the formula :-CH 2 -CH(OH)-R 1 , the 
formula :-CH 2 -S-R 1 , the formula :-CH 2 -SO-R 1 , the formula :-CH 2 -S0 2 -R 1 , the formula :-CH 2 -S0 2 NH-R 1 , the formula : 
-CH 2 -NHS0 2 -R 1 , the formula :-CH 2 -0-R 1 , the formula :-CH 2 -NH-R 1 , the formula :-CH 2 -NHCO-R 1 , the formula: 
-CH 2 -CONH-R 1 , the formula :-CH 2 -C(=0)-0-R 1 , the formula :-CH 2 -0-C(=0)-R 1 , the formula :-CH 2 -CO-R 1 , the 

w formula :-CH(OH)-CH=CH-R 1 , the formula :-S-CH=CH-R\ the formula :-SO-CH=CH-R 1 , the formula: 
-SO r CH=CH-R 1 , the formula :-S0 2 NH-CH=CH-R 1 , the formula :-NHS0 2 -CH=CH-R 1 , the formula :-0-CH=CH-R 1 , the 
formula :-NH-CH=CH-R 1 , the formula :-NHCO-CH=CH-R\ the formula :-CONH-CH=CH-R 1 , the formula :-C(=0) 
-0-CH=CH-R 1 , the formula :-0-C(=0)-CH=CH-R 1 , the formula :-CO-CH=CH-R 1 , the formula :-C 3 H 6 -R\ the formula : 
-CH 2 -CH=CH-CH 2 -R 1 , the formula :-CH 2 -CH(OH)-CH 2 -R\ the formula :-CH 2 -S-CH 2 -R 1 , the formula :-CH 2 -SO-CH 2 - 

15 R1, the formula :-CH 2 -S0 2 -CH 2 -R 1 , the formula :-CH 2 -S0 2 NH-CH 2 -R 1 , the formula :-CH 2 -NHS0 2 -CH 2 -R 1 , the 
formula :-CH 2 -0-CH 2 -R\ the formula :-CH 2 -NH-CH 2 -R 1 , the formula :-CH 2 -NHCO-CH 2 -R 1 , the formula: 
-CH 2 CONH-CH 2 -R 1 , the formula: -CH 2 -C(=0)-0-CH 2 -R 1 , the formula :-CH 2 -0-C(=0)-CH 2 -R 1 , the formula: 
-CH 2 -CO-CH 2 -R 1 , the formula :-C 2 H 4 -CH=CH-R 1 , :-CH 2 -CH=CH-CH=CH-R 1 , the formula :-CH 2 -CH(OH)-CH=CH-R 1 , 
the formula :-CH 2 -S-CH=CH-R 1 , the formula :-CH 2 -SO-CH=CH-R 1 , the formula :-CH 2 -S0 2 -CH=CH-R 1 , the formula : 

20 -CH 2 -S0 2 NH-CH=CH-R\ the formula :-CH 2 -NHS0 2 -CH=CH-R\ the formula :-CH 2 -0-CH=CH-R 1 , the formula: 
-CH 2 -NH-CH=CH-R 1 , the formula :-CH 2 -NHCO-CH=CH-R 1 , the formula :-CH 2 -CONH-CH=CH-R 1 , the formula: 
-CH 2 -C(=0)-0-CH=CH-R 1 , the formula :-CH 2 -0-C(=0)-CH=CH-Ri, the formula :-CH 2 -CO-CH=CH-R 1 , the formula : 
-CH=CH-C 2 H 4 -R 1 , the formula :-CH=CH-CH=CH-CH 2 -R 1 , the formula :-CH=CH-CH(OH)-CH 2 -R 1 , the formula: 
-CH=CH-S-CH 2 -R\ the formula :-CH=CH-SO-CH 2 -R 1 , the formula :-CH=CH-S0 2 -CH 2 -R 1 , the formula: 

25 -CH=CH-S0 2 NH-CH 2 -R\ the formula :-CH=CH-NHS0 2 -CH 2 -R 1 , the formula :-CH=CH-0-CH 2 -R 1 , the formula: 
-CH=CH-NH-CH 2 -R\ the formula :-CH=CH-NHCO-CH 2 -R 1 , the formula :-CH=CH-CONH-CH 2 -R 1 , the formula: 
-CH=CH-C(=0)-0-CH 2 -R 1 , the formula :-CH=CH-0-C(=0)-CH 2 -R 1 or the formula :-CH=CH-CO-CH 2 -R 1 (wherein R 1 
is optionally substituted aryl, optionally substituted heteroaryl, optionally substituted cycloalkyl, optionally substituted 
cycloalkenyl, or optionally substituted heterocycle). 

30 [0054] Especially, preferred as a group the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings 
as above (1)) is 

1) the case in which Z 1 and Z 3 are bonds, 

2) the case in which Z 1 and Z 3 are bonds, Z 2 is a bond, -CO-, -O-, -S-, -S0 2 - or lower alkylene (especially -CH 2 -, 
35 -(CH 2 ) 2 -). 

3) the case in which Z 1 and Z 3 are bonds, Z 2 is a bond, -CO-, -O- -S-, -S0 2 - or lower alkylene (especially -CH 2 -, 
-(CH 2 ) 2 -), R 1 is optionally substituted aryl or optionally substituted heteroaryl, 

4) the case in which Z 1 and Z 3 are bonds, Z 2 is -S0 2 -, -CH 2 - or -C 2 H 4 -, R 1 is optionally substituted aryl (especially 
phenyl), 

40 5) the case in which Z 1 is a bond or alkylene, Z 3 is a bond, Z 2 is optionally substituted alkylene, alkenylene or -O-, 

R 1 is optionally substituted aryl, optionally substituted heteroaryl or optionally substituted cycloalkyl, 

6) the case in which Z 1 is a bond or alkylene, 

7) the case in which Z 1 is a bond, 

8) the case in which Z 2 is a bond, alkylene, -S0 2 - or -O-, 
45 9) the case in which Z 2 is a bond, alkylene or -O-, 

10) the case in which Z 2 is alkylene or -0-, 

11) the case in which Z 3 is a bond or alkylene, 

12) the case in which R 1 is optionally substituted cycloalkyl, optionally substituted aryl or optionally substituted 
heteroaryl, 

so 13) the case in which R 1 is optionally substituted cycloalkyl, optionally substituted cycloalkenyl, optionally substi- 

tuted heterocycle or optionally substituted aryl, 

14) the case in which R 1 is optionally substituted cycloalkyl, optionally substituted aryl, optionally substituted het- 
eroaryl or optionally substituted heterocycle, 

15) the case in which R 1 is optionally substituted aryl, 

55 16) the case in which Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl, 

17) the case in which Z 1 is a bond or alkylene, Z 3 is a bond, Z 2 is optionally substituted alkylene, alkenylene, -S- 
or -O-, R 1 is optionally substituted aryl, optionally substituted heteroaryl or optionally substituted cycloalkyl. 
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[0055] The preferable example of a group of the formula: -Z 1 -Z2-Z 3 -R 1 includes phenyl, 2-fluorophenyl, 3-fluoroph- 
enyl, 4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 2,5-dif- 
luorophenyl, 3,4-difluorophenyl, 4-methylphenyl, 3-trifluoromethylphenyl, 4-trifluoromethylphenyl, 4-hydroxyphenyl, 
4-methoxyphenyl, 4-bromophenyl, 4-biphenylyl, benzyl, 4-fluorobenzyl, 4-fluorobenzyl, 4-fluorobenzyl, 2-chlorobenzyl, 

3- chlorobenzyl, 4-chlorobenzyl, 2,4-difluorobenzyl, 2,6-difluorobenzyl, 2,5-difluorobenzyl, 3,4-difluorobenzyl, 3,6-dif- 
luorobenzyl, 4-methylbenzyl, 3-trifiluoromethylbenzyi, 4-trifluoromethylbenzyl, 4-hydroxybenzyl, 4-methoxybenzyl, 

4- bromobenzyl, 4-phenylbenzyl, 2-phenylethyl, 2-(2-fluorophenyl)ethyl, 2-(3-fluorophenyl)ethyl, 2-(4-fluoropheny!) 
ethyl, 2-(2-chlorophenyl)ethyl, 2-(3-chlorophenyl)ethyl, 2-(4-chlorophenyl)ethyl, 2-(2,4-difluorophenyl)ethyl, 2-(2,6-dif- 
luorophenyl)ethyl, 2-(2,5-difluorophenyl)ethyl, 2-(3,4-difluorophenyl)ethyl, 2-(4-methylphenyl)ethyl, 2-(3-trifluorometh- 
ylphenyl)ethyl, 2-(4-trifluozomethylphenyl)ethyl, 2-(4-hydroxyphenyl)ethyl, 2-(4-methoxyphenyl)ethyl, 2-(4-bromophe- 
nyl)ethyl, 2-(4-biphenylyl)ethyl, benzenesulfonyl, 2-fluorobenzenesulfonyl, 3-fluorobenzenesulfonyl, 4-fluorobenze- 
nesulfonyl, 2-chlorobenzenesulfonyl, 3-chlorobenzenesulfonyl, 4-chlorobenzenesulfonyl, 2,4 -difluorobenzenesulfo- 
nyl, 2,6-difluorobenzenesulfonyl, 2,5-difluorobenzenesulfonyl, 3,4-diffuorobenzenesulfonyl, 4-methylbenzene sulfonyl, 

3- trifluoromethylbenzenesulfonyl, 4-trifluoromethylbenzenesulfonyl, 4-hydroxybenzenesulfonyl, 4-methoxybenze- 
nesulfonyl, 4-bromobenzenesulfonyl, 4-phenylbenzenesulfonyl, phenylthio, 2-fluorophenylthio, 3-fluorophenylthio, 

4- fluorophenylthio, 2-chlorophenylthio, 3-chlorophenylthio, 4-chlorophenylthio, 2,4-difluorophenylthio, 2,6-difluoroph- 
enylthio, 2,5-difluorophenylthio, 3,4-difluorophenylthio, 4-methylphenylthio, 3-trifluoromethylphenylthio, 4-trifluoro 
methylphenylthio, 4-hydroxyphenylthio, 4-methoxyphenylthio, 4-bromophenylthio, 4-biphenylylthio, phenoxyl, 2-fluor- 
ophenoxyl, 3-fluorophenoxyl, 4-fluorophenoxyl, 2-chlorophenoxyl, 3-chlorophenoxyl, 4-chlorophenoxyl, 2,4-difluoroph- 
enoxyl, 2,6-difluorophenoxyl, 2,5-difluorophenoxyl, 3,4-difluorophenoxyl, 4-methylphenoxyl, 3-trifluoromethylphe- 
noxyl, 4-trifluoromethylphenoxyl, 4- hydroxy phenoxyl, 4-methoxyphenoxyl, 4-bromophenoxyl, 4-phenylphenoxyl, ben- 
zoyl, 2-fluorobenzoyl, 3-fluorobenzoyl, 4-fluorobenzoyl, 2-chlorobenzoyl, 3-chlorobenzoyl, 4-chlorobenzoyl, 2,4-difluor- 
obenzoyl, 2,6-difluorobenzoyl, 2,5-difluorobenzoyl, 3,4-difluorobenzoyl, 4-methylbenzoyl, 3-trifluoromethylbenzoyl, 
4-trifluoromethylbenzoyl, 4-hydroxybenzoyl, 4-methoxybenzoyl, 4-bromobenzoyl, 4-phenylbenzoyl, 2-thienyl, 
3-thienyl, furfuryl, 3-fury!methyl, (2-chlorothiophene3-yl)methyl, 2-picolyl, 3-picolyl, 4-picolyl, (2-fluoropyridin-3-yl)me- 
thyl,(2-ffuoropyridin-5-yl)methyl or (5-fluoropyridin-2-yl)methyl. 

[0056] Characteristics of the compound of the present invention includes that A ring, B ring or R A is substituted with 
a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)) at at least one 
of the substitutable positions except for the nitrogen atom next to Z 9 on A ring and the nitrogen atom next to the bonding 
position on C ring. Especially, the case in which A ring, C ring or R B is substituted is preferable. 
[0057] The above substitutable positions mean any atoms binding to hydrogen atom on A ring, B ring or R A . The 
compound of the present invention means a compound wherein such a hydrogen atom(s) is substituted with a group 
of the formula: -Z 1 -Z2-Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above (1)). 
[0058] A group of the formula : 



(C ring is the same meaning as above (1)) means heteroaryl wherein an atom next to the atom at the bonding position 
is nitrogen atom. 

[0059] Especially, preferred is heteroaryl shown by (T1) and (T2) wherein an atom next to the atom at the bonding 
position on C ring is nitrogen atom, which binds to a neighboring atom with a double bond and binds to another neigh- 
boring atom with a single bond. More preferred is heteroaryl shown by (T3) and (T4) wherein an atom next to the atom 
at the bonding position on C ring is nitrogen atom, which binds to a neighboring atom with a double bond and binds to 
another neighboring atom with a single bond and another atom next to the atom at the bonding position is a heteroatom. 





(TZ) 



(T3) 



(T4) 



(wherein a group of T1 to T4 is heteroaryl wherein an atom next to the atom at the bonding position is nitrogen atom. 
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N is nitrogen atom, Q is an atom next to nitrogen atom; Het is heteroatom.) 

[0060] Moreover, the broken line shows the presence or absence of a bond. The part shown as a curved line means 
an atom(s) and a bond(s), which constitute C ring and can be selected to make a C ring aromatic. C ring may include 
a heteroatom(s) other than the nitrogen atom shown in the above formula and the constituent atom of C ring includes 
5 carbon atom, oxygen atom, nitrogen atom and sulfur atom. The bond constructing C ring includes a single bond and 
a double bond. C ring is not only a monocycle but also a condensed ring (2 to 5 condensed rings), and especially a 
monocycle or a bicycle is preferable, and a monocycle is more preferable. 

[0061 ] Heteroaryl of C ring being a monocycle means 5- to 8-membered heteroaryl wherein an atom next to the atom 
at the bonding position is nitrogen atom and one to four of oxygen atom, sulfur atom, and/or nitrogen atom may be 

10 included. Especially 5-or 6-membered heteroaryl is preferable. For example, it is pyrrol-2-yl, imidazol-2-yl, imidazol- 
4-yl, pyrazol-3-yi, triazol-3-yl, tetrazol-5-yl, oxazol-2-yl, oxazol-4-yl, isoxazol-3-yl, thiazol-2-yl, thiazol-4-yl, 1,3,4-thia- 
diazol-2-yl, 1 ,2,4-thiadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1 ,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-5-yl, 1,2,4-oxadiazol-3-yl, 
isothiazol-3-yl, pyridin-2-yl, pyridazin-3-yl, pyrazin-2-yl, pyrimidin-2-yl, pyrimidin-4-yl orfrazan 3-yl. 
[0062] Especially preferred is heteroaryl wherein an atom next to the atom at the bonding position is nitrogen atom, 

is which binds to the neighboring atom with a double bond and binds to another neighboring atom with a single bond. 
For example, it is imidazol-2-yl, imidazol-4-yl, pyrazol-3-yl, triazol-3-yl, tetrazol-5-yl, oxazol-2-yl, oxazol-4-yl, isoxazbl- 
3-yl, thiazol-2-yl, thiazol-4-yl, 1 ,3,4-thiadiazol-2-yl, 1,2,4-thiadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1,3,4-oxadiazol-2-yl, 
1 ,2,4-oxadiazol-5-yl, 1,2,4-oxadiazol-3-yl, isothiazol-3-yl, pyridin-2-yl, pyridazin-3-yl, pyrazin-2-yl, pyrimidin-2-yl, pyri- 
midin-4-yl or frazan 3-yl. 

20 [0063] Furthermore, preferred is heteroaryl wherein an atom next to the atom at the bonding position is nitrogen 
atom, which binds to the neighboring atom with a double bond and binds to another neighboring atom with a single 
bond and another atom next to the atom at the bonding position is a heteroatom. For example, it is imidazol-2-yl, triazol- 

3- yl, tetrazol-5-yl, oxazol-2-yl, thiazol-2-yl, 1,3,4-thiadiazoi-2-yl, 1,2,4~thiadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1,3,4-oxa- 
diazol-2-yl, 1 ,2,4-oxadiazol-5-yl, 1 ,2,4-oxadiazol-3-yl or pyrimidin-2-yl. 

25 [0064] Heteroaryl of C ring being a condensed ring is heteroaryl wherein 1 to 4 of 5- to 8-membered aromatic car- 
bocycle (e.g., 5- to 8-membered aromatic carbocycle) and/or the other 5- to 8-membered heteroaryl (e.g., 5- to 8-mem- 
bered heteroaryl which may include 1 to 4 of oxygen atoms; sulfur atoms and/or nitrogen atoms in the ring) are con- 
densed with the above monocycle. As a condensed aromatic ring, 5- or 6-membered ring is preferable. For example, 
it is benzimidazol-2-yl, benzooxazol-2-yl, quinoxalin-2-yl, cinnolin3-yl, quinazolin-2-yl, quinazolin-4-yl, quinolin-2-yl, 

30 phthalazinl-yl, isoquinolin-1-yl, isoquinolin-3-yl, purine-2-yl, purine-6-yl, purine-8-yl, pteridin-2-yi, pteridin-4-yl, pteridin- 
6-yl, pteridin-7-yl, carbazol-1-yl, phenantridin-6-yi, indol-2-yl or isoindol-1-yl. 

[0065] Especially, preferred is heteroaryl wherein an atom next to the atom at the bonding position is nitrogen atom, 
which binds to the neighboring atom with a double bond and binds to another neighboring atom with a single bond. 
For example, benzimidazol-2-yl, benzooxazol-2-yl, quinoxalin-2-yl, cinnoline3-yl, quinazolin-2-yl, quinazolin-4-yl, qui- 
35 nolin-2-yl, phthalazinl-yl, isoquinolin-1-yl, isoquinolin-3-yl, purine-2-yl, purine-6-yl, purine-8-yl, pteridin-2-yl, pteridin- 

4- yl, pteridin-6-yl, pteridin-7-yl or phenantridin6-yl is preferred. 

[0066] Furthermore, preferred is heteroaryl wherein an atom next to the atom at the bonding position is nitrogen 
atom, which binds to the neighboring atom with a double bond and binds to another neighboring atom with a single 
bond and another atom next to the atom at the bonding position is a heteroatom. For example, it is benzimidazol-2-yl, 
40 benzooxazol-2-yl, quinazolin-2-yl, purine-2-yl, purine-8-yl or pteridin-2-yl is preferred. 
[0067] Especially preferred is a group of the formula: 
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[0068] In the above cases, C ring is optionally substituted with a group of the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , 
Z 3 and R 1 are the same meanings as above (1)) or a group selected from the substitution group A. 
[0069] The terms used in the present specification are explained as follows. Each term by itself or as part of another 
has the following meaning. 

[0070] The term "alkylene" means a C1-C6 straight or branched alkylene group, for example, methylene, ethylene, 
trimethylene, propylene, tetramethylene, ethylethylene; pentamethylene or hexamethylene. Preferred is a C1-C4 
straight alkylene group such as methylene, ethylene, trimethylene or tetramethylene. 

[0071] The term "alkenylene" means a C2-C6 straight or branched alkenylene group, which is the above "alkylene" 
having one or more double bonds, for example, vinylene, propenylene or butenylene. Preferred is a C2-C3 straight 
alkenylene group such as vinylene or propenylene. 

[0072] The term "alkyl" means a C1-C10 straight or branched alkyl group, for example, methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, isobutyl, sec-buthyl, tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, n-hexyl, isohexyl, n-heptyl, n- 
octyl, n-nonyl or n-decyl. Preferred is a C1-C6 alkyl group such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-buthyl, tert-butyl n-pentyl, isopentyl, neopentyl, tert-pentyl, n-hexyl or isohexyl. 

[0073] The term "alkenyl" means a C2-C8 straight or branched alkenyl group which is the above "alkyl" having one 
or more double bonds, for example, vinyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1 ,3-butadienyl or 

3- methyl-2-butenyl. 

[0074] The term "aryl" means a monocyclic aromatic hydrocarbon group (e.g., phenyl) or a polycyclic aromatic hy- 
drocarbon group (e.g., 1-naphthyl, 2-naphthyl, 1-antolyl, 2-antolyl, 9-antolyl, 1-phenantolyl, 2-phenantolyl, 3-phenan- 
tolyl, 4-phenantolyl or 9-phenantolyl). Preferred is phenyl or naphthyl (e.g., 1-naphthyl or 2-naphthyl). 
[0075] The term "heteroaryl" means a monocyclic heteroaryl and a condensed heteroaryl. 

[0076] A monocycle heteroaryl means a group, which is derived from a 5 to 8-membered aromatic ring which may 
contain 1 to 4 of oxygen atom, sulfur atom, and/or nitrogen atom and have a bonding position at any substitutable 
position. 

[0077] A condensed heteroaryl means a group, wherein a 5 to 8-membered aromatic ring which may contain 1 to 4 
of oxygen atom, sulfur atom, and/or nitrogen atom is condensed with 1 to 4 of 5 to 8 membered aromatic carboncycle 
or the other 5 to 8-membered aromatic hetetrocycle and may have a bonding position at the any substitutable position. 
[0078] The term "heteroaryl" means the following groups, for example, furyl (e.g., 2-furyl or 3-furyl), thienyl (e.g., 

2- thienyl or 3-thienyl), pyrrolyl (e.g., 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl), imidazolyl (e.g., 1-imidazolyl, 2-imidazolyl or 

4- imidazolyl), pyrazolyl (e.g., 1-pyrazolyl, 3-pyrazolyl or 4-pyrazolyl), triazolyl (e.g., 1,2,4-triazol-l-yl, 1 ,2.4-triazolyl- 

3- yl or 1,2,4-triazol-4-yl), tetrazolyl (e.g., 1 -tetrazolyl, 2-tetrazolyl or 5-tetrazolyl), oxazolyl (e.g., 2-oxazolyl, 4-oxazolyl 
or 5-oxazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-isoxazolyl or 5-isoxazolyl), thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl or 5-thi- 
azolyl), thiadiazolyl, isothiazolyl (e.g., 3-isothiazolyl, 4-isothiazolyl or 5-isothiazolyl), pyridyl (e.g., 2-pyridyl, 3-pyridyl 
or 4-pyridyl), pyridazinyl (e.g., 3-pyridazinyl or 4-pyridazinyl), pyrimidinyl (e.g., 2-pyrimidinyl, 4-pyrimidinyl or 5-pyri- 
midinyl), furazanyl (e.g., 3-furazanyl), pyrazinyl(e.g., 2-pyrazinyl), oxadiazolyl (e.g., 1,3,4-oxadiazol-2-yl), benzofuryl 
(e.g., 2-benzo[b]furyl, 3-benzo[b]furyl, 4-benzo[b]furyl, 5-benzo[b]furyl, 6-benzo[b]furyl or 7-benzo[b]furyl), benzoth- 
ienyl (e.g., 2-benzo[b]thienyl, 3-benzo[b]thienyl, 4-benzo[b]thienyl, 5-benzo[b]thienyl, 6-benzo[b]thienyl or 7-benzo[b] 
thienyl), benzimidazolyl (e.g., 1-benzoimidazolyl, 2-benzoimidazolyl, 4-benzoimidazolyl or 5-benzoimidazolyl), diben- 
zofuryl, benzoxazolyl, quinoxalyl (e.g., 2-quinoxalinyl, 5-quinoxalinyl or 6-quinoxalinyl), cinnolinyl (e.g., 3-cinnolinyl, 

4- cinnolinyl, 5-cinnolinyl, 6-cinnolinyl, 7-cinnolinyl or 8-cinnolinyl), quinazolyl (e.g., 2-quinazolinyl, 4-quinazolinyl, 

5- quinazolinyl, 6-quinazolinyl, 7-quinazolinyl or 8-quinazolinyl), quinolyl (e.g., 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-qui- 
nolyl, 6-quinolyl, 7-quinolyl or 8-quinolyl), phthalazinyl (e.g., 1 -phthalazinyl, 5-phthalazinyl or 6-phthalazinyl), isoquinolyl 
(e.g., 1 -isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl or 8-isoquinolyl), puryl, pte- 
ridinyl (e.g., 2-pteridinyl, 4-pteridinyl, 6-pteridinyl or 7-pteridinyl), carbazolyl, phenantridinyl, acridinyl (e.g., 1-acridinyl, 
2-acridinyl, 3-acridinyl, 4-acridinyl or 9-acridinyl), indolyl (e.g., 1 -indolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl 
or7-indolyl), isoindolyl, phenazinyl (e.g., 1-phenazinyl or2-phenazinyl) orphenothiazinyl (e.g., 1-phenothiazinyl, 2-phe- 
nothiazinyl, 3-phenothiazinyl or 4-phenothiazinyl). 

[0079] The term "cycloalkyl" means a C3-C10 cyclic saturated hydrocarbon group, for example, cyclopropyl, cy- 
clobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl. Preferred is a C3-C6 cycloalkyl group such as cyclopentyl 
or cyclohexyl. 

[0080] The term "cycloalkenyl" means a C3-C10 cyclic non-aromatic hydro carbonyl group, for example, cyclopro- 
penyl (e.g., 1-cyclopropenyl), cyclobutenyl (e.g., 1-cyclobutenyl), cyclopentenyl (e.g., 1 -eye lope nten-1-yl, 2-cyclopent- 
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en-1-yl or 3-cyclopenten-1-yl), cyclohexenyl (e.g., 1-cyclohexen-1-yl, 2-cyclohexen-1-yl or 3-cyclohexen-1-yl), cy- 
cloheptenyl (e.g., 1 -cycloheptenyl) or cyclooctenyl (e.g., 1-cyclooctenyl). Especially preferable is 1-cyclohexen-1-yl, 

2- cyclohexen-1-yl or 3-cyclohexen-1-yl. 

[0081] The term "heterocycle" means a non-aromatic heterocyclic group which contains at least one of nitrogen 
5 atom, oxygen atom and sulfur atom, and which has a bonding position at any substitutable position, for example, 
1-pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-imidazolinyl, 2-imidazolinyl, 4-imida- 
zolinyl, 1-imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl, 1-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl, 1-pyrazoIidinyl, 

3- pyrazotidinyl, 4-pyrazolidinyl, piperidino, 2-piperidyl, 3-piperidyl, 4-piperidyl, 1-piperazinyl, 2-piperazinyl, 2-morpholi- 
nyl, 3-morpholinyl, morpholino or tetrahydropyranyl. Then, "a non-aromatic heterocyclic group" can be saturated or 

10 unsaturated. 

[0082] Alkyl of "alkoxy" is the same meaning as above "alkyl". "Alkoxy" is, for example, methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, isobutoxy, tert-butoxy. Especially preferable is methoxy or ethoxy. 

[0083] The term "alkoxycarbonyl" means a carbonyl substituted with above "alkoxy", for example, methoxycarbonyl, 
ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl, ortert-butoxycarbonyl. 

15 [0084] The term "alkoxyalkyl" means the above "alkyl" substituted with above "alkoxy", for example, methoxymethyl, 
ethoxy methyl, n-propoxymethyl, isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, tert-butoxymethyl, methoxye- 
thyl, ethoxyethyl, n-propoxyethyl, isopropoxyethyl, n-butoxyethyl, isobutoxyethyl or tert-butoxyethyl. 
[0085] The term "alkynyl" means a C2-C8 alkynyl group, which is the above "alkyl" having one or more triple bond, 
for example, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl or 3-butynyl. 

20 [0086] The term "alkylsulfonyl" means a sulfonyl substituted with the above "alkyl", for example, methylsulfonyl, 
ethylsulfonyl, n-propylsulfonyl, isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfonyl, 
n-pentylsulfonyl, isopentylsulfonyl, neopentylsulfonyl.tert-pentylsulfonyl, n-hexylsulfonyl, isohexylsulfonyl, n-heptylsul- 
fonyl, n-octylsulfonyl, n-nonylsulfonyl or n-decylsulfonyl. 

[0087] The term "optionally substituted amino" means a substituted or unsubstituted amino. 

25 [0088] The term "optionally substituted carbamoyl" means a substituted or unsubstituted carbamoyl. 

[0089] The substituent of "optionally substituted amino" and "optionally substituted carbamoyl" is alkyl (e.g., methyl, 
ethyl or dimethyl), alkoxyalkyl (e.g., ethoxymethyl or ethoxyethyl), acyl (e.g., formyl, acetyl, benzoyl or toluoyl), aralkyl 
(e.g., benzyl), hydroxy, alkylsulfonyl (e.g., methanesulfonyl or ethanesulfonyl), arylsulfonyl optionally substituted with 
alkyl (e.g., benzenesulfonyl or toluenesulfonyl), cycloalkyl (e.g., cyclopropyl), alkylene (e.g., trimethylene, tetrameth- 

30 ylene or pentamethylene) or aryl optionally substituted with alkyl (e.g., phenyl or trityl). 

[0090] The term "alkylthio" means sulfur atom substituted with the above "alkyl", for example, methylthio, ethylthio, 
n-propylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio, tert-butylthio, n-pentylthio, isopentylthio, neo- 
pentylthio, tert-pentylthio, n-hexylthio, isohexylthio, n-heptylthio, n-octylthio, n-nonylthio or n-decylthio. A C1 -C6 alkylth- 
io is preferable. 

35 [0091] The term "alkylthioalkyl" means the above "alkyl" substituted with the above "alkylthio", for example, methyl- 
thiomethyl, ethylthiomethyl, n-propylthiomethyl, isopropylthiomethyl, n-butylthiomethyl, isobutylthiomethyl, sec-butylth- 
iomethyl, tert-butylthiomethyl, n-pentylthiomethyl, isopentylthiomethyl, neopentylthiomethyl, tert-pentylthiomethyl, n- 
hexylthiomethyl, isohexylthiomethyl, n-heptylthiomethyl, n-octylthiomethyl, n-nonylthiomethyl, n-decylthiomethyl, 
methylthioethyl, ethylthioethyl, n-propylthioethyl, isopropylthioethyl, n-butylthioethyl, isobutylthioethyl, sec-butylthioe- 

40 thyl, tert-butylthioethyl, n-pentylthioethyl, isopentylthioethyl, neopentylthioethyl, tert-pentylthioethyl, n-hexylthioethyl, 
isohexylthioethyl, n-heptylthioethyl, n-octylthioethyl, n-nonylthioethyl or n-decylthioethyl. A C1-2 alkyl substituted with 
C1-6 alkylthio is preferable. 

[0092] The term "haloalkyl" means the above "alkyl" substituted with one or more halogen. A C1-C3 halogenated 
alkyl is especially preferable, for example, trifluoromethyl, chloromethyl, dichloromethyl, 1 ,1-dichloroethyl or 
45 2,2,2-trichloroethyl. 

[0093] The term "haloalkoxy" means oxygen atom substituted with the above "haloalkyl", for example, trifluorometh- 
oxy, chloromethoxy, dichloromethoxy, 1,1-dichloroethoxy or 2,2,2-trichloroethoxy. 

[0094] The term "haloalkoxyalkyl" means the above "alkyl" substituted with the above "haloalkoxy", for example, 
trifluoromethoxymethyl, chloromethoxymethyl, dichloromethoxymethyl, 1,1-dichloroethoxymethyl, 2,2,2-trichlo- 
so roethoxymethyl, trifluoromethoxyethyl, chloromethoxyethyl, dichloromethoxyethyl, 1,1-dichloroethoxyethyl or 
2,2,2-trichloroethoxyethyl. 

[0095] The term "alkyl carbonyl" means a carbonyl substituted with the above "alkyl", for example, acetyl, propionyl, 
butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, hexanoyl, octanoyl or lauroyl. 

[0096] The term "alkylcarbonyloxy" means oxygen atom substituted with the above "alkylcarbonyl", for example, 
55 acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, valeryloxy, isovaleryloxy, pivaloyloxy, hexanoyloxy, octanoyloxy or 
lauroyloxy. 

[0097] The term "aralkyl" means the above "alkyl" substituted with 1 to 3 above "aryl", for example, benzyl, diphe- 
nylmethyl, triphenylmethyl, phenethyl, 1-naphthylmethyl or 2-naphthylmethyl. 
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[0098] The term "heteroaralkyl* means the above "alkyl" substituted with 1 to 3 above "heteroaryl". A heteroaralkyl 
wherein alkyl is C1-C4 is preferable. A heteroaralkyl wherein alkyl is C1 or C2 is especially preferable, for example, 
furylmethyl, . thienylmethyl, pyrrolylmethyl, imidazolylmethyl, pyrazolylmethyl, triazolylmethyl, tetrazolylmethyl, oxa- 
zolylmethyl, isoxazolytmethyl, thiazolylmethyl, thiadiazolylmethyl, isothiazolylmethyl, pyridylmethyl, pyridazinylmethyl, 
pyrimidinylmethyl, furazanylmethyl, pyrazinylmethyl, oxadiazoly I methyl, benzofurylmethyl, benzothienylmethyl, benz- 
imidazolylmethyl, dibenzofurylmethyl, benzooxazolylmethyl, quinoxalylmethyl, cinnolinylmethyl, quinazolylmethyl, qui- 
nolylmethyl, phthalazinylmethyl, isoquinolylmethyl, puriylmethyl, pteridinylmethyl, carbazolylmethyl, phenantridinylme- 
thyl, acridinylmethyl, indolylmethyl, isoindolylmethyl, phenazinylmethyl, phenothiazinylmethyl, furylethyl, thienylethyl, 
pyrrolylethyl, imidazoiylethyl, pyrazolylethyl, triazolylethyl, tetrazolylethyl, oxazolylethyl, isoxazolylethyl, thiazolylethyl, 
thiadiazolylethyl, isothiazolylethyl, pyridylethyl, pyridazinylethyl, pyrimidinylethyl, furazanylethyl, pyrazinylethyl, oxadi- 
azolylethyl, benzofurylethyl, benzothienylethyl, benzimidazolylethyl, dibenzo furylethyl, , benzooxazolylethyl, uinoxa- 
lylethyl, cinnolinylethyl, quinazotylethyl, quinolylethyl, phthalazinylethyl, isoquinolylethyl, puriylethyl, pteridinylethyl, 
carbazolylethyl, phenantridinyfethyl, acridinylethyl, indolylethyl, isoindolylethyl, phenazinylethyl or phenothiazinylethyl. 
[0099] Then, "an/I", "aralkyl", "heteroaryl" "heteroaralkyl" and "alkyl" of "aryloxy", "heteroaryloxy", "arylthio", "heter- 
oarylthio", "aralkyloxy", "heteroaralkyloxy", "aralkylthio", "heteroaralkylthio", "aryloxyalkyl", "heteroaryloxyalkyl", 
"arylthioalkyl", "heteroarylthioalkyl", "arylsulfonyl", "heteroarylsulfonyl", "aralkylsulfonyl" and "heteroaralkylsulfonyl" are 
the same meanings as the above. 

[0100] In the case that "optionally substituted alkylene", "optionally substituted alkenylene", "optionally substituted 
alkyl", "optionally substituted alkenyl", "optionally substituted aryl", "optionally substituted heteroaryl", "optionally sub- 
stituted cycloalkyl", "optionally substituted cycloalkenyl", "optionally substituted heterocycle", "optionally substituted 
aralkyl", "optionally substituted heteroaralkyl", "optionally substituted aryloxy", "optionally substituted heteroaryloxy", 
"optionally substituted arylthio", "optionally substituted heteroarylthio", "optionally substituted aralkyloxy", "optionally 
substituted heteroaralkyloxy", "optionally substituted axalkylthio", "optionally substituted heteroaralkylthio", "optionally 
substituted aryloxyalkyl", "optionally substituted heteroaryl oxyalkyl", "optionally substituted arylthioalkyl", "optionally 
substituted heteroarylthioalkyl". "optionally substituted arylsulfonyl", "optionally substituted heteroarylsulfonyl", "option- 
ally substituted aralkyl sulfonyl" and "optionally substituted heteroaralkylsulfonyl" have the substitution groups, each 
of them is optionally substituted at any position with the same or different 1 to 4 substitution groups. And these sub- 
stitution groups can be selected from the substitution group A as not to interfere with the inhibitory activity against 
integrase. 

[0101] The substitution group is, for example, hydroxy, carboxy, halogen (e.g., F, CI, Br or I), halo alkyl (e.g., CF 3 , 
CH 2 CF 3 and CH 2 CCI 3 ), alkyl (e.g., methyl, ethyl, isopropyt and tert-butyl), alkenyl (e.g., vinyl), alkynyi (e.g., ethynyl), 
cycloalkyl (e.g., cyclopropyl), cycloalkenyl (e.g., cyclopropenyl), alkoxy (e.g., methoxy, ethoxy, propoxy and butoxy), 
alkenyioxy (e.g., vinyloxy and allyloxy), alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl and tert-butoxycarbo- 
nyl), nitro, nitroso, optionally substituted amino (e.g., alkylamino, methylamino, ethylamino and dimethyl amino), 
acylamino (e.g., acetylamino and benzoylamino), aralkylamino (e.g., benzylamino, tritylamino and hydroxyamino), 
azide, aryl (e.g., phenyl), aralkyl (e.g., benzyl), cyano, isocyano, isocyanate, thiocyanate, isothiocyanate, mercapto, 
alkylthio (e.g., methylthio), alkylsulfonyl (e.g., methanesulfonyl and ethanesulfonyl), optionally substituted carbamoyl 
(e.g., alkylcarbamoyl methylcarbamoyl, ethylcarbamoyl and dimethylcarbamoyl, sulfamoyl, acyl (e.g., formyl and 
acetyl), formyloxy, haloformyl, oxal, thioformyl, thiocarboxy, dithiocarboxy, thiocarbamoyl, sulfino, sulfo, sulfoamino, 
hydrazine azide, ureide, amidino, guanidino or phthalimide. 

[0102] As the substituent of "optionally substituted aryl", "optionally substituted heteroaryl", "optionally substituted 
cycloalkyl", "optionally substituted cycloalkenyl" and "optionally substituted heterocycle" in R 1 , among the above sub- 
stituent, especially preferred is hydroxy, carboxy, halogen (e.g., F, CI, Br or I), haloalkyl (e.g., CF 3 , CH 2 CF 3 or CH 2 CCI 3 ), 
alkyl (e.g., methyl, ethyl, isopropyl or tert-butyl), alkenyl (e.g., vinyl), alkynyl (e.g., ethynyl), cycloalkyl (e.g., cyclopropyl), 
cycloalkenyl (e.g., cyclopropenyl), alkoxy (e.g., methoxy, ethoxy; propoxy or butoxy), alkoxycarbonyl (e.g., methoxy- 
carbonyl, ethoxycarbonyl or tert-butoxycarbonyl), nitro, optionally substituted amino (e.g., alkylamino (e.g., methylami- 
no, ethylamino or dimethylamino), acylamino (e.g., acetyl amino or benzoylamino), aralkylamino (e.g., benzylamino, 
tritylamino) or hydroxyamino), azide, aryl (e.g., phenyl), aralkyl (e.g., benzyl), cyano, mercapto, alkylthio (e.g., meth- 
ylthio), alkylsulfonyl (e.g., methanesulfonyl or ethanesulfonyl), optionally substituted carbamoyl, sulfamoyl, acyl (e.g., 
formyl or acetyl ), formyloxy, thiocarbamoyl, sulfoamino, hydrazino, azide, ureide, amidino or guanidino. Especially, 
alkyl, haloalkyl, halogen (especially F, CI or Br) or alkoxy (especially methoxy) is preferable and monosubstitution or 
disubstitution is preferable. 

[0103] As the substituent of "optionally substituted alkylene" and "optionally substituted alkenylene" in 2 1 , Z 2 and 
Z 3 , among the above substituent, especially preferred is hydroxy, carboxy, halogen (e.g., F, CI, Br or I), haloalkyl (e. 
g., CF 3 , CH 2 CF 3 or CH 2 CCI 3 , alkyl (e.g., methyl, ethyl, isopropyl or tert-butyl), alkenyl (e.g., vinyl), alkynyl (e.g., ethynyl), 
cycloalkyl (e.g., cyclopropyl), cycloalkenyl (e.g., cyclopropenyl), alkoxy (e.g., methoxy, ethoxy, propoxy or butoxy), 
alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl or tert-butoxycarbonyl), optionally substituted amino (e.g., 
alkylamino (e.g., methylamino, ethylamino or dimethylamino), acylamino (e.g., acetylamino or benzoylamino), ar- 
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alkylamino (e.g., benzylamino or tritylamino) or hydroxyamino), aryl (e.g., phenyl), aralkyl (e.g., benzyl), cyano, mer- 
capto, alkylthio (e.g., methylthio), alkylsulfonyl (e.g., methanesulfonyl or ethanesulfonyl), optionally substituted car- 
bamoyl, sulfamoyl, acyl (e.g., formyl or acetyl), formyloxy, thiocarbamoyl, sulfoamino, hydrazino, azide, ureide, amidino 
or guanidino. 

[0104] In the case that a group selected from the substitution group A is "optionally substituted aryl", "optionally 
substituted heteroaryl", "optionally substituted cycloalkyl", "optionally substituted cycloalkenyl", "optionally substituted 
heterocycle", "optionally substituted aralkyl", "optionally substituted heteroaralkyl", "optionally substituted aryloxy", "op- 
tionally substituted heteroaryloxy", "optionally substituted arylthio", "optionally substituted heteroarylthio", "optionally 
substituted aralkyloxy", "optionally substituted heteroaralkyloxy", "optionally substituted aralkylthio", "optionally substi- 
tuted heteroaralkylthio", "optionally substituted aryloxyalkyl", "optionally substituted heteroaryloxyalkyl", "optionally 
substituted arylthioalkyl", "optionally substituted heteroarylthioalkyl", "optionally substituted arylsulfonyl", "optionally 
substituted heteroarylsulfonyl", "optionally substituted aralkylsulfonyl" or "optionally substituted heteroaralkylsulfonyl", 
as the substituent, among the above substituent, especially preferred is hydroxy, carboxy, halogen (e.g., F, CI, Br or 
I), haloalkyl (e.g., CF 3 , CH 2 CF 3 or CH 2 CCI 3 ), alkyl (e.g., methyl, ethyl, isopropyl or tert-butyl), alkenyl (e.g., vinyl), 
alkynyl (e.g., ethynyl), cycloalkyl (e.g., cyclopropyl), cycloalkenyl (e.g., cyclopropenyl), alkoxy (e.g., methoxy, ethoxy, 
propoxy or butoxy), alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl or tert-butoxycarbonyl), nitro, optionally 
substituted amino (e.g., alkylamino (e.g., methylamino, ethylamino or dimethylamino), acylamino (e.g., acetylamino or 
benzoylamino), aralkylamino (e.g., benzylamino or tritylamino) or hydroxyamino), azide, aryl (e.g., phenyl), aralkyl (e. 
g., benzyl), cyano, mercapto, alkylthio (e.g., methylthio), alkylsulfonyl (e.g., methanesulfonyl or ethanesulfonyl), op- 
tionally substituted carbamoyl, sulfamoyl, acyl (e.g., formyl or acetyl), formyloxy, thiocarbamoyl, sulfoamino, hydrazino, 
azide, ureide, amidino or guanidino. Especially, alkyl, haloalkyl, halogen (especially F, CI or Br), alkoxy (especially 
methoxy), is preferable and monosubstitution or disubstitution is preferable. 

[0105] The present invention includes a compound, its prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof. All of the theoretical possible tautomers and geometrical isomers of a compound of the present invention are 
also within the scope of the present invention. For example, a compound of the formula (I) (a keto form) wherein Y is 
oxo, thioxo or imino is also included in the present invention, as far as it is a tautomer of a compound (an enol form) 
wherein Y is hydroxy, mercapto or amino. 

[0106] A prodrug is a derivative of a compound of the present invention having a group which can be decomposed 
chemically or metabolically, and such a prodrug is converted to a pharmaceutical^ active compound of the present 
invention by means of solvolysis or by placing the compound in vivo under a physiological condition. Method for se- 
lecting and preparing an appropriate prodrug derivative are described in the literature such as Design of Prodrugs, 
Elsevier, Amsterdam 1 985. 

[0107] It is known that HIV multiplies vigorously in a lymph node even in the asymptomatic term. Thus a prodrug of 
a compound of the present invention is preferably a lymph-directive one. The diseases caused by HIV include AIDS- 
associated encephalopathy. Thus a preferable prodrug of a compound of the present invention is a brain-directive one. 
As these lymph-directive prodrug and brain-directive prodrug, the following prodrugs with high lipophilicity are prefer- 
able. 

[0108] When a compound of the present invention has a carboxyl group, an ester derivative prepared by reacting 
an original acid compound with a suitable alcohol or an amide derivative prepared by reacting an original acid compound 
with a suitable amine is exemplified as a prodrug. An especially preferred ester derivative as an prodrug is methylester, 
ethylester, n-p ropy I ester, isopropylester, n-butylester, isobutylester, tert-butylester, morpholinoethylester or N,N-di- 
ethylglycolamidoester. 

[0109] When a compound of the present invention has a hydroxy group, an acyloxy derivative prepared by reacting 
a compound having a hydroxyl group with a suitable acylhalide or a suitable acid anhydride is exemplified as a prodrug. 
An especially preferred acyloxy derivative as a prodrug is -0(=0)-CH 3 , -OC(=0)-C 2 H 5 , -OC(=0)-(tert-Bu), -OC(=0) 
-C 15 H 31 , -OC(=0)-(m-COONa-Ph), -OC(=0)-CH 2 CH 2 COONa, -0(C=0)-CH(NH 2 )CH 3 or -OC(=0)-CH 2 -N(CH 3 ) 2 . 
[01 10] When a compound of the present invention has an amino group, an amide derivative prepared by reacting a 
compound having amino with a suitable acid halide or a suitable mixed anhydride is exemplified as a prodrug. An 
especially preferred amide derivative as a prodrug is -NHC(=O)-(CH 2 ) 20 CH 3 or -NHC(=0)-CH(NH 2 )CH 3 . 
[0111] Especially in the case of a compound of the present invention, a prodrug can be produced by the chemical 
modification of Y, a substituent on B ring. For example, Y is substituted with acyl and it is examined whether the prodrug 
is converted to a compound of the present invention by means of solvolysis or by placing the compound under a 
physiological condition or not. Therefore, even if Y is a substituent except for hydroxy, mercapto or amino, a compound 
wherein Y is converted to hydroxy, mercapto or amino by means of solvolysis or by placing the compound under a 
physiological condition is the prodrug of the present invention and is contained in the present invention. For example, 
a compound converted to a compound of the present invention in phosphate buffer (pH7.4)-ethanol or plasma is a 
compound of the present invention. 

[01 1 2] Pharmaceutical^ acceptable salts of a compound of the present invention include, as basic salts, for example, 
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alkali metal salts such as sodium or potassium salts; alkaline-earth metal salts such as calcium or magnesium salts; 
ammonium salts; aliphatic amine salts such as trimethylamine, triethylamine, dicyclohexylamine, ethanolamine, dieth- 
anolamine, triethanolamine or procaine salts; aralkyl amine salts such as N, N-dibenzylethylenediamine salts; hetero- 
cyclic aromatic amine salts such as pyridin salts, picoline salts, quinoline salts or isoquinoline salts; quaternary am- 

5 monium salts such as tetramethylammonium salts, tetraethylammonium salts, benzyltrimethylammonium salts, ben- 
zyltriethylammonium salts, benzyltributylammonium salts, methyltrioctylammonium salts or tetrabutylammonium salts; 
and basic amino acid salts such as arginine salts or lysine salts. Acid salts include, for example, mineral acid salts 
such as hydrochloride, sulfates salts, nitrate salts, phosphates salts, carbonates salts, hydrogencarbonates or per- 
chlorate; organic acid salts such as acetates, propionates, lactates, maleates, fumarates, tararic acid salts, malates, 

10 citrates salts, or ascorbates; sulfonates such as methanesulfonates, isethionates, benzenesulfonates, or p-toluenesul- 
fonates; and acidic amino acid salts such as aspartates or glutamates. 

[01 13] Furthermore, various solvates of a compound of the present invention, for example, monosolvate, disolvate, 
monohydrate or dihydrate are also within the scope of the present invention. 

[0114] The term "inhibit" means that a compound of the present invention suppresses the action of integrase. 
15 [0115] The term "pharmaceutically acceptable" means harmless with respect to the prevention and the treatment. 

Best Mode for Carrying Out the Invention 

[0116] The general method for the production of a compound of the present invention is explained below. 
20 [01 17] A compound of the present invention is a novel nitrogen-containing heteroaryl compound having as the main 
construction a ring of the formula: 



25 




30 (wherein A ring, B ring, Z 4 , Z 5 and Z 9 are the same meanings as above (1)). In the present invention, various kinds of 
nitrogen-containing heteroaryl compounds can be used. 

[0118] For example; these nitrogen-containing heteroaryl compounds can be produced by using substituents in a 
compound having one ring (for example, B ring), followed by constructing the other ring (for example, A ring). The 
following documents can be referred to as the general organic synthesis of various kinds of nitrogen-containing het- 
35 eroaryl compounds: (1) Alan R.Katriszly etal., Comprehensive Heterocyclic Chemistry (2) Alan R.Katriszly et a!., Com- 
prehensive Heterocyclic Chemistry II (3) RODD'S CHEMISTRY OF CARBON COMPOUNDS VOLUME IV HETERO- 
CYCLIC COMPOUNDS. Furthermore, various kinds of functional groups can be introduced by using general reactions 
for aromatic compounds or specific reactions for each heteroaryl. 

[0119] Below is described the representative methods for production of a compound of the present invention. A 
40 compound of the present invention can be produced by not only the following methods but also the other methods. 



45 




(A) m 

50 

Synthetic route 1 

[01 20] This synthetic route is to produce a compound of the formula (B) from a compound of the formula (A). Namely, 
it is deprotection of the carboxyl group and the phenolic hydroxyl group. 
55 [0121] This synthetic route can be performed in a reaction solvent under heating in the presence of trialkylsilyihalide 
and alkalimetal iodide. 

[0122] As trialkylsilyihalide, trimethylsilylchloride can be used. 
[0123] As alkalimetal iodide, for example, Nal or Kl can be used. 
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[0124] The reaction temperature is room temperature to 1 00 °C. 70 to 90 °C is preferable. 

[0125] As a reaction solvent, polar solvents are preferable. For example, acetonitrile can be used. 

[01 26] And this synthetic route can be performed, under heating, using hydrobromic acid/acetic acid. As hydrobromic 

acid/acetic acid, 47 % hydrobromic acid/acetic acid is preferable. 

[0127] And this synthetic route can be performed by using BBr 3 at 0 °C to room temperature or by using pyridinium- 
chlorideat 150 to 220 °C. 




(H) (J) 



Synthetic route 2 

[01 28] This synthetic route is to produce a compound of the formula (D) from a compound of the formula (C). Namely, 
it is a transformation reaction from a carboxylic acid to diacylhydrazine. 

[01 29] This synthetic route can be performed by reacting carboxylic acid and monoacyl hydrazine in a suitable solvent 
in presence of a condensing agent. 

[0130] As a condensing agent, dicyclohexylcarbodiimide or 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro- 
chloride can be used. If necessary, another reagent such as 1 -hydroxybenzotriazole or AAhydroxysuccinimide is added. 
[0131] The reaction temperature is 0 to 100 °C. 20 to 30 °C is preferable. 

[0132] As a reaction solvent, various aprotic solvents can be used. Tetrahydrofuran or A/,A/-dimethylformamide is 
preferable. 

Synthetic route 3. 

[0133] This synthetic route is to produce a compound of the formula (E) from a compound of the formula (D). Namely, 
it is a formation reaction from diacylhydrazine to oxadiazole. 

[01 34] This synthetic route can be performed by heating diacylhydrazine with phosphorus oxychloride or thionylchlo- 
ride. 

[0135] The reaction temperature is 50 to 100 °C. 80 to 100 °C is preferable. 
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[0136] And this synthetic route can be performed by using dibromotriphenylphophorane in the presence of the base 
of triethylamine. The reaction temperature is 0 to 1 00 °C. 0 to 30 °C is preferable. As a reaction solvent, dichloromethane 
or tetrahydrofuran is preferable. 

Synthetic route 4 

[0137] This synthetic route is to produce a compound of the formula (F) from a compound of the formula (E). It is 
performed as well as synthetic route 1 . 

Synthetic route 5 

[01 38] This synthetic route is to produce a compound of the formula (G) from a compound of the formula (C). Namely, 
it is a process to synthesize . amide by condensating a carboxylic acid and oc-aminoketone. 

[0139] This synthetic route can be performed by reacting a carboxylic acid and ct-aminoketone in a suitable solvent 
in the presence of a condensing agent. 

[0140] As a condensing agent, dicyclohexylcarbodiimide or 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro- 
chloride can be used. If necessary, another reagent such as 1 -hydroxybenzotriazole or /V-hydroxysuccinimide is added. 
[0141] The reaction temperature is 0 to 100 °C. 20 to 30 °C is preferable. 

[0142] As a reaction solvent, various aprotic solvents can be used. Tetrahydrofuran or A/,/V-dimethylformamide is 
preferable. 

Synthetic route 6 

[0143] This synthetic route is to produce a compound of the formula (H) from a compound of the formula (G). It is 
performed as well as synthetic route 3. 

Synthetic route 7 

[0144] This synthetic route is to produce a compound of the formula (J) from a compound of the formula (H). It is 
performed as well as synthetic route 1 . 
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Synthetic route 8 

[01 45] This synthetic route is to produce a compound of the formula (K) from a compound of the formula (D). Namely, 
it is a formation reaction from diacy I hydrazine to thiadiazole. 

[01 46] This synthetic route can be performed by heating diacylhydrazine with phosphorus pentasulfide or Lawesson's 
reagent. 

[0147] The reaction temperature is 50 to 150 °C. 80 to 100 °C is preferable. 
[0148] As a reaction solvent, toluene or tetrahydrofuran is preferable. 

Synthetic route 9 

[0149] This synthetic route is to produce a compound of the formula (L) from a compound of the formula (K). It is 
performed as well as synthetic route 1 . 

Synthetic route 1 0 

[0150] This synthetic route is to produce a compound of the formula from a compound of the formula (G). It is per- 
formed as well as synthetic route 8. 

Synthetic route 1 1 

[0151] This synthetic route is to produce a compound of the formula (N) from a compound of the formula (M). It is 
performed as well as synthetic route 1 . 
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Synthetic route 12 

[01 52] This synthetic route is to produce a compound of the formula (P) from a compound of the formula (O). Namely, 
it is a process to synthesize ketone from ester. 

[0153] This synthetic route is performed by reacting ester and an organometallic reagent in a suitable solvent. 
[0154] As an organometallic reagent, alkyllithium, aryllithium, heteroaryllithium or Grignard reagent can be used. 
[0155] The reaction temperature is -70 °C to room temperature. -70 to 0 °C is preferable. 
[0156] As a reaction solvent, ethereal solvents can be used. Tetrahydrofuran or diethylether is preferable. 

Synthetic route 13 

[0157] This synthetic route is to produce a compound of the formula (Q) from a compound of the formula (P). It is 
performed as well as synthetic route 1 . 




Synthetic route 1 4 

[0158] This synthetic route is to produce a compound of the formula (S) from a compound of the formula (R). It is 
performed as well as synthetic route 2. 

Synthetic route 1 5 

[0159] This synthetic route is to produce a compound of the formula (T) from a compound of the formula (S). It is 
performed as well as synthetic route 3. 
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Synthetic route 16 

[0160] This synthetic route is to produce a compound of the formula (U) from a compound of the formula (T). It is 
performed as well as synthetic route 1. 




(X) 



Synthetic route 17 

[01 61 ] This synthetic route is to produce a compound of the formula (W) from a compound of the formula (V). Namely, 
it is a transformation reaction from a halogen compound (X=CI, Br or I) to a ketone compound. 
[0162] This synthetic route is performed by converting a halogen compound (X=CI, Br or I) to an organometallic 
compound (X=Metal) with an organometallic reagent, followed by reacting with a carboxylic acid chloride or an active 
ester in a suitable solvent. 

[0163] As an organometallic reagent, alkyllithium or aryllithium can be used. 

[0164] The reaction temperature is -70 °C to room temperature. -70 to 0 °C is preferable. 

[0165] As a reaction solvent, ethereal solvents can be used. Tetrahydrofuran or diethylether is preferable. 

Synthetic route 1 8 

[0166] This synthetic route is to produce a compound of the formula (X) from a compound of the formula (W). It is 
performed as well as synthetic route 1 . 

[0167] Method for use of the compound of the present invention is explained below. 

[0168] The compound of the present invention is useful as a pharmaceutical composition such as an antiviral agent. 
The compound of the present invention has an outstanding inhibitory activity against integrase of viruses. Therefore, 
the compound of the present invention is expected to prevent or treat various diseases caused by viruses producing 
integrase to grow in animal cells upon infection, and is useful as, for example, an integrase inhibitor against retroviruses 
(e.g., HIV-1 , HIV-2, HTLV-1 , SIV or FIV), especially, an anti-HIV agent. 

[0169] The compound of the present invention can be used in a combination therapy with an anti-HIV agent pos- 
sessing other inhibitory mechanism such as a reverse transcriptase inhibitory agent and/or a protease inhibitory agent. 
Since any integrase inhibitor has not been on sale yet, it is useful to use the compound of the present invention in 
combination therapy with a reverse transcriptase inhibitory agent and/or a protease inhibitory agent. 
[0170] And the compound of the present invention can be used not only as an anti-HIV mixture but also as a con- 
comitant agent enhancing the activity of the other anti-HIV agent in a cocktail therapy. 

[01 71 ] The compound of the present invention can be used so as in the gene therapy using a retrovirus vector derived 
from HIV or MLV to suppress the spread of the retrovirus infection over non-target tissues. Especially, in the case that 
cells infected with such a vector in vitro are put back in a body, a previous administration of the compound of the present 
invention prevents an unnecessary infection. 

[0172] The compounds of the present invention can be administered orally or parenterally. For oral administration, 
the compound of the present invention can be used in any form of usual formulations, for example, solid formulations 
such as tablets, powders, granules, capsules; aqueous formulations; oleaginous suspensions; or solutions such as 
syrup or elixir. For parenteral administration, the compound of the present invention can be used as an aqueous or 
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oleaginous suspension injection, or nose drops. In the preparation of such formulations, conventional excipients, bind- 
ing agents, lubricants, aqueous solvents, oleaginous solvents, emulsifying agents, suspending agents, preservatives 
or stabilizers can be optionally used. And as an anti-HIV agent, oral agents are especially preferable. 
[0173] The formulation according to the present invention may be manufactured by combining (for example, admix- 
5 ing) a curatively effective amount of a compound of the present invention with a pharmaceutical^ acceptable carrier 
or diluent. The formulation of the present invention may be manufactured with well-known and easily available ingre- 
dients in accordance with a known method. 

[0174] In the case of manufacturing a pharmaceutical composition according to the present invention, an active 
ingredient is admixed or diluted with a carrier, or they are contained in a carrier in the form of capsule, sacheier, paper, 

10 or another container. In case a carrier functions as a diluent, the carrier is a solid, semi-solid, or liquid material, which 
functions as a medium. Accordingly, a formulation according to the present invention may be produced in the form of 
tablet, pill, powder medicine, intraoral medicine, elixir agent, suspending agent, emulsifier, dissolving agent, syrup 
agent, aerosol agent (solid in liquid medium), and ointment. Such a formulation may contain up to 10% of an active 
compound. It is preferred to formulate a compound of the present invention prior to administration. 

15 [01 75] Any suitable carrier well known to those skilled in the art may be used for the formulation. In such formulation, 
a carrier is in the form of solid, liquid or a mixture thereof. For instance, a compound of the present invention is dissolved 
in 4 % dextrose / 0.5 % sodium citrate aqueous solution so as to be 2 mg/ml concentration for intravenous injection. 
Solid formulation includes powder, tablet, and capsule. Solid carrier consists of one or more of material(s) for serving 
also as fragrant, lubricant, dissolving agent, suspension, binder, tablet disintegrator or capsule. A tablet for oral ad- 

20 ministration contains a suitable excipient such as calcium carbonate, sodium carbonate and lactose, calcium phosphate 
together with a disintegrator such as corn starch and alginic acid and/or a binder such as gelatin and acacia, and a 
lubricant such as magnesium stearate, stearic acid and talc. 

[0176] In a powder medicine, a carrier is a finely pulverized solid, which is blended with finely pulverized active 
ingredients. In a tablet, active ingredients are admixed with a carrier having required binding power in a suitable ratio, 
25 and it is solidified in a desired shape and size. Powder medicine and tablet contain as the active ingredient about 1 to 
about 99 % by weight of novel compounds of the present invention. Example of suitable solid carriers include magne- 
sium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth gum, methyl cel- 
lulose, sodium carboxymethylcellulose, low-melting wax, and cocoa butter. 

[0177] An axenic liquid formulation contains suspending agent, emulsifier, syrup agent or elixir agent. Active ingre- 
30 dients may be dissolved or suspended into a pharmaceutical^ acceptable carrier such as sterile water, a sterile organic 
solvent or a mixture thereof. Active ingredients may be dissolved frequently into a suitable organic solvent such as 
propylene glycol aqueous solution. When finely pulverized active ingredients are dispersed into aqueous starch, sodium 
carboxylmethylcellulose solution or suitable oil, the other compositions can be prepared. 

[0178] Although an appropriate dosage of the compound of the present invention varies depending on the adminis- 
35 tration route, age, body weight, conditions of the patient, and kind of disease, in the case of oral administration, the 
daily dosage for an adult can be between approximately 0.05-3000 mg, preferably approximately 0.1-1000 mg, if nec- 
essary, in divisions. In the case of parenteral administration, the daily dosage for an adult can be between approximately 
0.01-1000 mg, preferably approximately 0.05-500 mg. 

40 Example 

[0179] Examples of the present invention are shown below. Reactions were usually carried out under nitrogen at- 
mosphere, and reaction solvents dried over molecular sieves were used. Extracts were dried over sodium sulfate or 
magnesium sulfate. 

45 

(Reagent) 

n-butyllithium=1.5mol/l hexan solution 
sodium hydride=60 % oil suspension 
(Abbreviation) 

50 Et=ethyl; MeOH=methanol; EtOH=ethanol; DMF=N,N-dimethylformamide; THF=tetrahydrofuran; DMSO=dimeth- 

ylsulfoxide; HOBt=1 -hydroxybenzotriazole; WSCD=1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 
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Example 1 
Compound 1-1 
5 [0180] 




Process 1 

25 [0181] To a methanol (200 ml) solution of 4-acetylamino-5-chloro-2-methoxy-3-nitrobenzoic acid 1 (20.6 g, 67.9 
mmol) described in the literature (Chem. Pharm. Bull. 42, 560 - 569, (1994)) was added 5 N hydrochloric acid (60 ml) 
at room temperature, and the mixture was refluxed for 14 hours. After the reaction solution was neutralized with 2 N 
sodium hydroxide solution under ice-cooling, water (1 00 ml) was added and stirred for 30 minutes. Precipitated crystals 
were collected and washed with water (100 ml) to give compound 2 (11 .9 g) as wet yellow crystals. 

30 

Process 2 

[0182] A suspension of compound 2 (11.9 g) obtained by the process 1, ammonium chloride (1.22 g, 22.8 mmol) 
and iron (10.2 g, 183 mmol) in ethanol (450 ml) - water (90 ml) was refluxed for 3 hours. The reaction mixture was 
35 filtered through Celite and the remained residue was washed with chloroform - methanol (1:1 v/v, 500 ml). After the 
filtrate was concentrated under reduced pressure, water (1 00 ml) was added to the residue and the whole was extracted 
with ethyl acetate. The organic layer was washed with brine (1 00 ml) and dried over sodium sulfate. Removal of solvent 
under reduced pressure gave crude compound 3 (11 .6 g) as a dark brown oil. 

40 Process 3 

[0183] A solution of 4-fluorophenylacetyl chloride (10.9 g, 63.4 mmol) in THF (100 ml) was added dropwise over 20 
minutes to a solution of compound 3 (1 1 .6 g) obtained by the process 2 and triethylamine (9.20 ml, 66.0 mmol) in THF 
(400 ml) under ice-cooling. The reaction mixture was stirred for 1 .5 hours under ice-cooling and further 1 .5 hours at 
45 room temperature. After water (500 ml) was added dropwise to the reaction mixture under ice-cooling, precipitated 
crystals were collected and washed with water to give compound 4 (18.9 g) as wet colorless crystals. 

Process 4 

so [01 84] A solution of compound 4 (1 8.9 g) obtained by the process 3 in acetic acid ( 1 80 ml) was refluxed for 1 .5 hours. 
Removal of solvent under reduced pressure gave a crystalline residue, which was recrystallized from ethyl acetate - 
hexane to give compound 5 (12.4 g, 35.6 mmol, 52 % overall yield) as pale brown crystals. 
M.p.: 151-153 °C. 

NMR (CDCI 3 ) 8: 3.92 (3H, s), 4.23 (3H, brs), 4.29 (2H, s), 7.05 (2H, m), 7.74 (2H, m). 

55 

Process 5 

[0185] Boron trichloride (2 M in toluene, 0.625 ml, 1 .25 mmol) was added dropwise to a solution of compound 5 (174 
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10 



mg, 0.500 mmol) in dichloromethane (5 ml) under ice-cooling, and the mixture was stirred for 1.5 hours. The reaction 
was quenched with water (5 ml), and the whole was neutralized with 28 % ammonia. The mixture was extracted with 
chloroform, and the organic layer was dried over sodium sulfate. Removal of solvent under reduced pressure gave a 
crystalline residue, which was recrystallized from ethanol - hexane to give compound 1-1 (36.0 mg, 22 %) as colorless 
crystals. 

M.p.: 257 - 260 °C Recrystallization solvent: ethanol - hexane 
Elemental analysis for C 16 H 12 CIFN 2 0 3 

Calcd. (%): C, 57.41; H, 3.61; N, 8.37; CI, 10.59; F, 5.57. Found. (%): C, 57.20; H, 3.50; N, 8.31; CI, 10.50; F, 5.57. 
NMR (DMSO-d 6 ) 8: 3.91 (3H, s), 4.20 (2H, s), 7.15 (2H, m), 7.39 (2H, m), 7.56 (1H, s). 
IR (KBr): 3431, 1672 cm" 1 . 

[0186] Compounds I-2 - 1-5 were synthesized in a same manner similar to Example 1 . 



15 



20 



OH 
CI H 



I-2 



I-5 



I-2 : R 



I-3 : R = 



I-4 : R = 



I-5 : R = Me 




25 Compound I-2 

[0187] M.p.: 250 - 251 °C Recrystallization solvent: ethanol 
Elemental analysis for C 15 H 10 CIFN 2 O 3 (H 2 O) 0 5(ethanol) 06 
Calcd. (%): C, 54.45; H, 4.12; N, 7.84; CI, 9.92; F, 5.32. 
30 Found. (%): C, 54.45; H, 3.94; N, 7.92; CI, 9.83; F, 5.21. 

NMR (DMSO-d 6 ) 5 : 3.94 (3H, s), 7.42 (2H, m), 7.61 (1H, s), 8.36 (2H, m), 11.18 (1H, brs), 13.86 (1H, brs). 
IR (KBr): 3408, 1672 cnr 1 . 

Compound I-3 

35 

[0188] M.p.: 203-206°C Recrystallization solvent: ethanol 
Elemental analysis for C 17 H 12 CIFN 2 O 3 (H 2 O) 0 3 (ethanol) 0 .4 
Calcd. (%): C, 57.69; H, 4.08; N, 7.56; CI, 9.57; F, 5.13. 
Found. (%): C, 57.72; H, 3.80; N, 7.66; CI, 9.40; F, 4.98. 
40 NMR (DMSO-cfe) 8: 3.93 (3H, s), 7.18 (1H, d, J= 16.5 Hz), 7.29 (2H, m), 7.59 (1H, s), 7.75 (2H, m), 7.88 (1H, d, J = 
16.5 Hz). 

IR (KBr): 3323, 1672 cnr 1 . 
Compound I-4 

45 

[0189] M.p.: 192-194 °C Recrystallization solvent: ethanol 
Elemental analysis for C 17 H 14 CIFN 2 0 3 (HCI) 1 0 
Calcd. (%): C, 53.00; H, 3.92; N, 7.27; CI, 18.41; F, 4.93. 
Found. (%): C, 52.96; H, 3.83; N, 7.33; CI, 17.76; F, 4.68. 
so NMR (DMSO-d 6 ) 8: 3.10 - 3.28 (4H, m), 3.93 (3H, s), 7.12 (2H, m), 7.30 (2H, m), 11.14 (1H, brs). 
IR (KBr): 3421, 1685 cm' 1 . 

Compound I-5 

55 [0190] M.p.: 259 - 261 °C (dec.) Recrystallization solvent: methanol 
Elemental analysis for C 10 H 9 CIN 2 O 3 (H 2 O) 0 A 
Calcd. (%): C, 49.54; H, 3.82; N, 11.55; CI, 14.62. 
Found. (%): C, 49.67; H, 3.74; N, 11.56; CI, 14.32. 
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NMR (DMSO-d 6 ) 5: 2.52 (3H, s), 3.91 (3H, s), 7.53 (1H, s), 11.02 (1H, brs), 13.24 (1H, brs). 
IR (KBr): 3419, 1672 cm* 1 . 

Example 2 

Compound I-6 

[0191] 
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Process 1 



[0192] Sodium hydride (60 %, 0.42 g f 10.5 mmol) was added over 5 minutes to a solution of compound 1 (3.03 g, 
1 0.0 mmol) in DMF (40 ml) under ice-cooling, and the mixture was stirred for 1 hour at room temperature. Methyl iodide 
35 (0.685 ml, 11.0 mmol) was added to the reaction mixture under ice-cooling and the whole was stirred for 3 hours at 
room temperature. The reaction mixture was acidified to pH 3 with 1 0 % hydrochloric acid under ice-cooling. The whole 
was added water (50 ml) and extracted with ethyl acetate. The organic layer was washed with water (50 ml) and brine 
(50 ml), and dried over sodium sulfate. The solvent was evaporated under reduced pressure to give crude compound 
6 as a dark brown oil. 



Process 2 



[01 93] Sodium methoxide (28 % methanol solution, 3 ml) was added to a solution of the crude compound 6 obtained 
by the process 1 in methanol (3 ml), and the mixture was refluxed for 2 hours. The reaction mixture was poured into 
45 1 n hydrochloric acid (20 ml) under ice-cooling, and the whole was extracted with ethyl acetate. The organic layer was 
washed with water and brine, and dried over sodium sulfate. A crude product obtained by evaporation under reduced 
pressure was subjected to silica gel column chromatography. The fractions containing desired compound eluted with 
hexane - ethyl acetate (2:1 v/v) were concentrated under reduced pressure. The crystalline residue was recrystallized 
from ethyl acetate - hexane. Compound 7 (1.02 g, 3.71 mmol, 37 %) was obtained as yellow crystals. 



Process 3-6 



[0194] Compound 1-6 was synthesized in a same manner similar to the processes 2 - 5 of Example 1 . 
M.p.: 198 - 201 °C Recrystallization solvent: ethanol - diisopropyl ether 
55 Elemental analysis for C 17 H 14 CIFN 2 03 

Calcd. (%): C, 58.55; H, 4.05; N, 8.03; CI, 10.17; F, 5.45. 
Found. (%): C, 58.29; H, 4.03; N, 7.98; CI, 10.02; F, 5.21. 

NMR (DMSO-d 6 ) 6: 3.91 (3H, s), 3.96 (3H, s), 4.33 (2H, s), 7.16 (2H, m), 7.32 (2H, m), 11.10 (1H, brs). 
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IR(KBr): 3419,1670 cm 1 . 

[0195] Compounds I-7 - I-9 were synthesized in a same manner similar to the processes 2-5 of Example 2. 
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Compound I-7 

[0196] M.p.: 192 - 195 °C Recrystallization solvent: ethyl acetate - hexane 
20 Elemental analysis for C 2 3H 17 CIF2N 2 03 

Calcd. (%): C, 62.38; H, 3.87; N, 6.33; CI, 8.01; F, 8.58. 
Found. (%): C, 62.32; H, 4.05; N, 6.23; CI, 7.80; F, 8.35. 

NMR (DMSO-d 6 ) 5: 3.91 (3H, s), 4.26 (2H, s), 5.77 (2H, s), 6.88 (2H, m), 7.03 (2H, m), 7.07 (2H, m), 7.23 (2H, m), 
7.55 (1H, s), 11.10 (1H, brs). 
25 |R (KBr): 3431, 1691 cm 1 . 

Compound I-8 

[0197] M.p.: 156 - 159 °C Recrystallization solvent: methanol 
30 Elemental analysis for C 16 H 12 CIFN 2 03(H 2 0)o.8 

Calcd. (%): C, 56.50; H, 3.73; N, 8.24; CI, 10.42; F, 5.59. 
Found. (%): C, 56.75; H, 3.83; N, 8.27; CI, 10.11; F, 5.35. 

NMR (DMSO-d 6 ) 6: 3.90 (3H, s), 5.75 (2H, s), 7.17 (4H, d, J= 7.2 Hz), 7.57 (1H, s), 8.49 (1H, s), 11.20 (1H, brs). 
IR (KBr): 3410, 1674 cm' 1 . 

35 

Compound I-9 

[0198] M.p.: 205 - 207 °C Recrystallization solvent: methanol 
Elemental analysis for C 17 H 14 CIFN 2 0 3 
40 Calcd. (%): C, 58.55; H, 4.05; N, 8.03; CI, 10.17; F, 5.45. 
Found. (%): C, 58.42; H, 4.15; N, 8.05; CI, 9.76; F, 5.21. 

NMR (DMSO-d 6 ) 8: 3.12 (2H, t, J= 7.4 Hz), 3.92 (3H, s), 4.70 (2H, t, J= 7.4 Hz), 7.10 (2H, m), 7.15 (2H, m), 7.62 (1 H, 
s), 8.08(1 H,s), 11.18 (1H, brs). 
IR (KBr): 3423, 1674cnrr 1 . 
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Example 3 
Compound 1-10 
[0199] 



MeQ 2 C 




Process 1 - 4 

[0200] Compound 1-10 was synthesized in a same manner similar to the process 1 of Example 2 and the processes 

2, 4, 5 of Example 1. M.p.: 168 - 170 °C Recrystallization solvent: methanol- isopropanol 

Elemental analysis for C 17 H 14 CIFN 2 03 

Calcd. (%): C, 58.55; H, 4.05; N, 8.03; CI, 10.17; F, 5.45. 

Found. (%): C, 58.47; H, 3.97; N, 8.08; CI, 9.90; F, 5.19. 

NMR (DMSO-</ 6 ) 6: 2.49 (3H, s), 3.90 (3H, s), 5.74 (2H, s), 7.05 (2H, m), 7.18 (2H f m), 7.54 (1H, s), 11.10 (1H t brs). 
IR (KBr): 3417, 1699 cm- 1 . 

[0201] Compound 1-11 was synthesized in a same manner similar to Example 3. 



1-11 : R 1 = -C-C-\J-F , R 2 = Me 
H^i 2 



1-11 

Compound 1-11 

[0202] M.p.: 185 - 187 °C Recrystallization solvent: ethyl acetate - hexane 

Elemental analysis for C 18 H 16 CIFN 2 0 3 

Calcd. (%): C, 59.59; H, 4.45; N, 7.72; CI, 9.77; F, 5.24. 

Found. (%): C, 59.59; H, 4.40; N, 7.70; CI, 9.43; F, 5.06. 

NMR (CDCI 3 ) 8: 2.25 (3H, s), 3.10 (2H, t, J= 7.3 Hz), 3.98 (3H, s), 4.59 (2H, t, J =7.3 Hz), 6.98 (4H, d, J= 6.9 Hz), 
7.69 (1H,s), 11.26 (1H, brs). 
IR (KBr): 3419, 1674 cm" 1 . 



MeO 



OH 
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Example 4 
Compound 1-12 
5 [0203] 



10 



15 



35 



40 



45 



OMe OH 
Me0 2 CY S kpN, ■ HOgC^kpN, 

CI Process 1 fj 



1-12 





Process 1 



20 [0204] Chlorotrimethylsilane (0.295 ml, 2.32 mmol) was added to a suspension of compound 5 (1 01 mg, 0.289 mmol) 
and sodium iodide (351 mg, 2.34 mmol) in acetonitrile (1.5 ml) at room temperature, and the mixture was refluxed for 
48 hours. Water (5 ml) was added to the reaction mixture at room temperature, and the whole was extracted with 
diethyl ether. The organic layer was washed with water (5 ml), 10 % sodium thiosulfate solution (10 ml) and brine (10 
ml), and dried over sodium sulfate. A residue obtained by evaporation under reduced pressure was dissolved in 1 N 

25 sodium hydroxide solution, the mixture was neutralized with 1 N hydrochloric acid and added water (100 ml). Precip- 
itated crystals were collected, washed with water and dried under vacuum to give compound 1-12 (74.9 mg, 0.234 
mmol, 81 %) as a pale brown powder. 
Elemental analysis for C 15 H 10 CIFN 2 03(H 2 0)o. 4 
Calcd. (%): C, 54.94; H, 3.32; N, 8.54; CI, 10.81; F, 5.79. 

30 Found. (%): C, 54.69; H, 3.32; N, 8.94; CI, 11.15; F, 5.57. 

NMR (DMSO-d 6 ) 5 : 4.20 (2H, s), 7.16 (2H, m), 7.38 (2H, m), 7.55 (1H, s). 
IR (KBr): 3427, 1630 cm 1 . 

[0205] Compounds 1-13 - 1-16 were synthesized in a same manner similar to Example 4. 



1-13: R 1 = H , R 2 = -C-C-Q-F 

H2H2 

1-14 : R 1 = -C-CH^J^F ' r2= H 
H2H2 

1-15 : Rt = -C-CHf~^-F , R 2 = Me 
1-13 ~ M6 H2H2 

1-16 : R 1 = H, R 2 = Me 




so Compound 1-13 



[0206] Elemental analysis for C 16 H 12 CIFN 2 0 3 (H 2 0)o. 3 
Calcd. (%): C, 56.50; H, 3.73; N, 8.24; CI, 10.42; F, 5.59. 
Found. (%): C, 56.42; H, 3.68; N, 8.33; CI, 10.63; F, 5.41. 
55 NMR (DMSO-d 6 ) 5: 3.13 (4H, s), 7.11 (2H, m), 7.29 (2H, m), 7.55 (1H, s). 
IR (KBr): 3423, 1631 cm 1 . 
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Compound 1-14 

[0207] M.p.: 237- 239 °C. 
Elemental analysis for C 16 H 12 CIFN 2 O 3 (H 2 O) 0 2 
5 Calcd. (%): C, 56.80; H, 3.69; N, 8.28; CI, 10.48; F, 5.62. 
Found. (%): C, 56.74; H, 3.62; N, 8.33; CI, 10.11; F, 5.40. 

NMR (DMSO-cfe) 8: 3.12 (2H, t, J= 7.5 Hz), 4.70 (2H, t, J= 7.5 Hz), 7.10 (2H, m), 7.17 (2H, m), 7.62 (1 H, s), 8.08 (1 H, s). 
IR(KBr):3421, 1697 cnr 1 . 

10 Compound 1.15 

[0208] M.p.: 244 - 245 °C. 
Elemental analysis for C 17 H 14 CIFN 2 0 3 (H 2 0) 1 4 
Calcd. (%): C, 54.60; H, 4.53; N, 7.49; CI, 9.48; F, 5.08. 
15 Found. (%): C, 54.66; H, 4.14; N, 7.54; CI, 9.23; F, 4.96. 

NMR (DMSO-d 6 ) 6: 2.26 (3H, s), 3.06 (2H, t, J= 7.2 Hz), 4.55 (2H, t, J= 7.2 Hz), 7.07 - 7.20 (4H, m), 7.53 (1H, s). 
IR(KBr):3421, 1660 cm" 1 . 

Compound 1-16 

20 

[0209] M.p.: 267 - 270 °C Recrystallization solvent: ethanol 
Elemental analysis for C 9 H 7 CIN 2 O 3 (NH 3 )(H 2 O) 0 15 
Calcd. (%): C, 43.88; H, 4.21; N, 17.06; CI, 14.39. 
Found. (%): C, 44.15; H, 4.05; N, 16.70; CI, 14.12. 
25 NMR (DMSO-dg) 6: 2.44 (3H, s), 7.40 (1 H, s). 
IR(KBr): 1645 cm 1 . 

Example 5 

30 Compound 1-17 

[0210] 



35 



40 




1-12 1-17 

45 Process 1 

[0211] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (49.4 mg, 0.258 mmol) was added to a sus- 
pension of compound 1-12 (67.2 mg, 0.210 mmol), 1-hydroxybenzotriazole (35.4 mg, 0.262 mmol), /V-methylmorpholine 
(0.070 ml, 0.64 mmol) and dimethylamine hydrochloride (53.6 mg, 0.657 mmol) in DMF (2 ml) at room temperature, 

so and the mixture was stirred for 4 hours. Water (5 ml) was added to the reaction mixture under ice-cooling and the whole 
was extracted with diethyl ether. The organic layer was washed with water and brine, and dried over sodium sulfate. 
The crystalline residue obtained by evaporation under reduced pressure was recrystallized from ethanol - diisopropyl 
ether to give compound 1-17 (19.4 mg, 0.0558 mmol, 27 %) as colorless crystals. M.p.: 253 - 257 °C Recrystallization 
solvent: ethanol - diisopropyl ether 

55 Elemental analysis for C 17 H 15 CIFN 3 O 2 (H 2 O) 0 A 

Calcd. (%): C, 58.41; H, 4.38; N, 12.02; CI, 10.14; F, 5.43. 
Found. (%): C, 58.25; H, 4.28; N, 11.98; CI, 10.08; F, 5.18. 

NMR (DMSO-dfc 5: 2.90 (3H, s), 2.93 (3H, s), 4.19 (2H, s), 6.95 (1H, s), 7.16 (2H, m), 7.37 (2H, m). 



49 



EP 1 375 486 A1 



IR (KBr): 3425, 1603 cm" 1 . 

[0212] Compounds 1-18 - I-20 were synthesized in a same manner similar to the Example 5. 




1-18: R 3 = Me, R 4 = H 



3 R 4 RN 




1-19: R 3 



, R 4 =H 



1-18 ~~ I-20 



F 



I-20 : R 3 R 4 N 




Compound 1-18 

[0213] M.p.: 287 - 291 °C (dec.) Recrystallization solvent: methanol 

Elemental analysis for C 16 H 13 CIFN 3 O 2 (H 2 O) 0 -j 

Calcd. (%): C, 57.27; H, 3.97; N, 12.52; CI, 10.57; F, 5.66. 

Found. (%): C, 57.19; H, 3.89; N, 12.35; CI, 10.28; F, 5.38. 

NMR (DMSO-cfe) S: 2.82 (3H, d, J= 4.8 Hz), 4.17 (2H, s), 7.15 (2H, m), 7.38 (2H, m), 7.72 (1H, s). 
IR (KBr): 3386, 1604 cm* 1 . 

Compound 1-19 

[0214] M.p.: 184 - 186 °C Recrystallization solvent: methanol - diisopropyl ether 
Elemental analysis for C 21 H 16 CIFN 3 0 2 (HCI) 1 0 (H 2 O) 0 .3 
Calcd. (%): C, 57.63; H, 3.82; N, 9.60; CI, 16.20; F, 4.34. 
Found. (%): C, 57.60; H, 3.81; N, 9.89; CI, 15.95; F, 4.29. 

NMR (DMSO-d 6 ) 8: 4.32 (2H, s), 7.14 - 7.24 (3H, m), 7.39 (2H, d, J= 7.8 Hz), 7.46 (2H, m), 7.3972 (2H, d, J = 7.8 Hz), 
8.17 (1H,s), 10.53 (1H, brs). 
IR (KBr): 3423, 1601 cm 1 . 

Compound I-20 

[0215] M.p.: 268 - 272 °C (dec.) Recrystallization solvent: methanol - THF - diisopropyl ether 

Elemental analysis for C 19 H 17 CIFN 3 0 2 

Calcd. (%): C, 61.05; H, 4.58; N, 11.24; CI, 9.48; F, 5.08. 

Found. (%): C, 60.82; H, 4.49; N, 11.23; CI, 9.36; F, 4.84. 

NMR (DMSO-d 6 ) S: 1.80 -1.87 (4H ,m), 3.25 - 3.56 (4H, m), 4.19 (2H, s), 6.95 (1H, s), 7.07 - 7.22 (3H, m), 7.38 (2H, 

m), 12.90 (1H, brs). 

IR (KBr): 3425, 1591 cm* 1 . 
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Example 6 
Compound 1-21 
[0216] 



OMe OMe 




Process 1 

[0217] A suspension of compound 5 (2.50 g, 7.17 mmol), 10 % palladium carbon (499 mg) and triethylamine (10 ml) 
in methanol was stirred under 4 atm of hydrogen atmosphere for 15 hours at room temperature. The reaction mixture 
was filtered, evaporated under reduced pressure, and subjected to silica gel column chromatography. The fractions 
containing desired compound eluted with hexane - ethyl acetate (1:1 v/v).were concentrated under reduced pressure. 
The crystalline residue was recrystallized from ethyl acetate - hexane - diisopropyl ether to give compound 9 (2.18 g, 
6.93 mmol, 97 %) as colorless crystals. 

Process 2 

[0218] Compound 1-21 was synthesized in a same manner similar to the process 5 of Example 1 . 

M.p.: 199 - 201 °C Recrystallization solvent: ethanol - diisopropyl ether 

Elemental analysis for C^H^FNgOsfHCI^ 0 

Calcd. (%): C, 57.07; H, 4.19; N, 8.32; CI, 10.53; F, 5.64. 

Found. (%): C, 56.90; H, 4.21; N, 8.45; CI, 10.29; F, 5.68. 

NMR (DMSO-d 6 ) 5 : 3.94 (3H, s), 4.45 (2H, s), 7.22 (2H, m), 7.24 (1 H, d, J = 8.7 Hz), 7.51 (2H, m), 7.81 (1 H, d, J = 
8.7 Hz), 11.29 (1H, brs). 
IR (KBr): 3417, 1678 cm' 1 . 

[0219] Compounds I-22 and I-23 were synthesized in a same manner similar to Example 6. 



Me0 2 C 
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Compound I-22 

(0220] M.p.: 202-204°C. 

Elemental analysis for C^H^FI^C^HCOq n 

Calcd. (%): C, 64.22; H, 4.79; N, 8.81; CI, 1.11; F, 5.98. 

Found. (%): C, 64.53; H, 4.72; N, 8.80; CI, 1.09; F, 5.75. 

NMR (DMSO-d 6 ) 5: 2.51 (3H, s), 3.90 (3H, s), 5.46 (2H, s), 7.08 (1H, d, J= 8.7 Hz), 7.17 (4H, d, J= 7.2 Hz), 7.60 (1H; 
d, J=8.7 Hz), 11.27 (1H, brs). 
IR (KBr): 3417,1666 cm" 1 . 

Compound I-23 

[0221] M.p.: 222 - 225 °C Recrystallization solvent: ethanol 
Elemental analysis for C 17 H 1 5FN 2 0 3 (HCI) 1 0 
Calcd. (%): C, 58.21; H, 4.60; N, 7.99; CI, 10.11; F, 5.42. 
Found. (%): C, 58.03; H, 4.49; N, 8.02; CI, 9.83; F, 5.20. 

NMR (DMSO-d 6 ) 5: 3.21 (2H, t, J= 7.4 Hz), 3.37 (2H, t, J= 7.4 Hz); 3.95 (3H, s), 7.13 (2H, m), 7.27 (1H, d, J= 8.6 
Hz), 7.29 (2H, m), 7.83 (1H, d, J= 8.6 Hz), 11.28 (1H, brs). 
IR (KBr): 3423; 1684 cm" 1 . 

Example 7 

Compound I-24 . 

[0222] 



OMe OH 



Me0 2 C 




Process 1 

[0223] Compound I-24 was synthesized in a same manner similar to the process 1 of Example 4. 
Elemental analysis for C 15 H 11 FN2O3(H 2 O) 0 5 
Calcd. (%): C, 61.02; H, 4.10; N, 9.49; F, 6.43. 
Found. (%): C, 61.26; H, 3.83; N, 9.56; F, 6.05. 

NMR (DMSO-d 6 ) 8: 4.21 (3H, s), 6.96 (1H, d, J= 8.6 Hz), 7.17 (2H, m), 7.39 (2H, m), 7.59 (1H, d, J= 8.6 Hz). 
IR (KBr): 3431, 1631 cm" 1 . 

[0224] Compound I-25 was synthesized in a same manner similar to Example 7. 

OH 




I-25 
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Compound I-25 

[0225] M.p.: 152- 155°C. 

Elemental analysis for C 16 H 13 FN 2 O 3 (HCI) 0 2 (H 2 O) 0 2 
Calcd. (%): C, 61.76; H, 4.41; N, 9.00; CI, 2.28; F, 6.11. 
Found. (%): C, 61.64; H, 4.38; N, 9.04; CI, 1.89; F, 5.85. 

NMR (DMSO-cfe) 8: 3.07 - 3.23 (4H, m), 6.95 (1H, d, J= 8.4 Hz), 7.11 (2H, m), 7.27 (2H, m), 7.63 (1H, d, J= 8.4 Hz). 
IR (KBr): 3421, 1631 cm" 1 . 

Example 8 

Compound I-26 

[0226] 




Process 1 

[0227] A solution of compound 5 (900 mg, 2.58 mmol) in DMF - THF (1:2 v/v, 3 ml) was added dropwise to a sus- 
pension of sodium hydride (60 %, 130 mg, 3.36 mmol) in THF under ice-cooling, and the mixture was stirred for 45 
minutes. Water (10 ml) was added to the reaction mixture under ice-cooling, and the whole was extracted with ethyl 
acetate. The organic layer was washed with water (20 ml) and brine (20 ml), and dried over sodium sulfate. The 
crystalline residue obtained by evaporation under reduced pressure was triturated with diisopropyl ether - hexane to 
give compound 10 as a mixture of regioisomers (894 mg, 2.28 mmol, 88 %) as colorless crystals. 

Process 2 

[0228] 2-Bromothiazole (0.0413 ml, 0.458 mmol) was added dropwise to a solution of n-butyllithium (1 .50 M in hex- 
ane, 0.305 ml, 0.458 mmol) in diethyl ether at -78 °C, and the mixture was stirred for 20 minutes. A solution of compound 

10 (151 mg, 0.383 mmol) in THF - diethyl ether (4:1 v/v, 2.5 ml) was added to the reaction mixture, and the whole was 
stirred for 30minutes. The reaction was quenched with saturated ammonium chloride solution (2 ml) and, water under 
ice-cooling, and the whole was extracted with ethyl acetate. The organic layer was washed with water (5 ml) and brine 
(5 ml), and dried over sodium sulfate. The solvent was evaporated under reduced pressure to give crude compound 

11 as a dark brown oil. 

Process 3 

[0229] 47 % hydrobromic acid (4 ml) was added to a solution of crude 1 1 in acetic acid (1 .5 ml), and the mixture was 
ref luxed for 1 .5 hours. After the reaction mixture was neutralized with 5 N sodium hydroxide solution under ice-cooling, 
water was added to the mixture. Precipitated crystals were collected, washed with water and recrystallized from meth- 
anol to give compound I-26 (46.3 mg, 1.19 mmol, 31 %) as yellow crystals. 
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10 



15 



20 



M.p.: 137 - 139 °C Recrystallization solvent: methanol 
Elemental analysis for C 18 H 11 CIFN 3 0 2 S(H 2 0) 1 3 
Calcd. (%): C, 52.57; H, 3.33; N, 10.22; CI, 8.62; F, 4.62; S. 7.80. 
Found. (%): C, 52.47; H, 3.01; N, 9.96; CI, 8.72; F, 4.60; S, 7.84. 

NMR (DMSO-d 6 ) 6: 4.23 (2H, s), 7.17 (2H, m), 7.40 (2H, m), 8.33 (1H, d, J= 2.7 Hz), 8.35 (1H, d, J = 2.7 Hz), 8.92 
(1H, s), 13.33 (1H, brs). 
IR (KBr): 3429, 1631 cm" 1 . 

[0230] Compounds I-27 - 1-31 were synthesized in a same manner similar to Example 8. 



R 5 



l-27:R 1 =H , R 2 = "C-Q^F . R 5 = -<£) .* 7 =H 

H2 

O OH |-28:R 1 = Me ,R 2 = -C«0-F , R 5 = — O -R 7 =CI 

V^t*" I-29: R 1 = ^-C-O-F , R 2 = Me , R s = -/j) . R 7 = CI 
R 7 R 1 S 

1-27-1-31 l-30:R 1 =H , R 2 = -C-Q-F ■ = ~0 1 R? = H . 



ML-H'-H ,R»--C5-Q-F . RS = ' R7=CI 



25 H 2 |_| 



Compound 1-27 

30 [0231] M.p.: 239 - 240 °C Recrystallization solvent: ethanol 
Elemental analysis for C 18 H 12 FN 3 O 2 S(H 2 O) 0 f1 
Calcd. (%): C; 60.87; H, 3.46; N, 11.83; F, 5.35; S, 9.03. 
Found. (%): C, 60.76; H, 3.36; N, 11.77; F, 5.10; S, 9.00. 

NMR (DMSO-c/ 6 ) 8: 4.20 (2H, s), 7.13 (2H, m), 7.18 (1H, d, J= 9.0 Hz), 7.39 (2H, m), 8.27 (1H, d, J = 2.9 Hz), 8.31 
35 (1H, d, J = 2.9 Hz), 8.87 (1H, d, J = 2.9 Hz), 13.06 (1H, brs). 
IR (KBr): 3440, 1637 cm 1 . 



Compound I-28 

40 [0232] M.p.: 258 - 261 °C Recrystallization solvent: methanol - THF - acetonitrile 
Elemental analysis for C 19 H 13 CIFN30 2 S 

Calcd. (%): C, 56.79; H, 3.26; N, 10.46; CI, 8.82; F, 4.73; S, 7.98. 
Found. (%): C, 56.62; H, 3.18; N, 10.37; CI, 8.77; F, 4.60; S, 7.83. 

NMR (DMSO-d 6 ) 8 : 3.98 (3H, s), 4.35 (2H, s), 7.13 (2H, m), 7.34 (2H, m), 8.29 - 8.36 (2H, m), 8.86 (1 H, s), 1 2.90 (1 H, 
45 brs). 

IR (KBr): 3433, 1639 cm 1 . 



Compound I-29 

so [0233] M.p.: 208 - 211 °C Recrystallization solvent: ethyl acetate - hexane 
Elemental analysis for C 20 H 15 CIFN 3 O 2 S 

Calcd. (%): C, 57.76; H, 3.64; N, 10.10; CI, 8.52; F, 4.57; S, 7.71. 
Found. (%): C, 57.61; H, 3.48; N, 10.01; CI, 8.22; F, 4.39; S, 7.51. 

NMR (DMSO-oy 8: 2.32 (3H, s), 3.10 (2H, d, J= 7.4 Hz), 4.62 (2H, d, J= 7.4 Hz), 7.08 - 7.23 (4H, m), 8.31 (1H, d, J 
55 = 3.0 Hz), 8.34 (1H, d, J= 3.0 Hz), 8.83 (1H, s), 12.78 (1H, brs). 
IR (KBr): 3433, 1643 cm" 1 . 
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Compound I-30 

[0234] M.p.: 189 - 192 °C Recrystallization solvent: methanol - ethyl acetate 

Elemental analysis for C2iH 15 FN 2 0 2 (HBr) 1 0 

Catcd. (%): C, 59.03; H, 3.77; N, 6.56; Br, 18.70; F, 4.45. 

Found. (%): C, 58.85; H, 3.65; N, 6.68; Br, 19.09; F, 4.38. 

NMR (DMSO-cfe) 8: 4.44 (2H, s), 7.20 - 7.29 (3H, m), 7.43 - 7.51 (3H, m), 7.54 - 7.62 (2H, m), 7.65 - 7.75 (3H, m), 
12.19 (1H, brs). 
IR(KBr):3431, 1658 cm" 1 . 

Compound 1-31 

[0235] M.p.: 287 - 289 °C (dec.) Recrystallization solvent: methanol - THF 
Elemental analysis for C 17 H 11 CIFN 5 O 2 (HBr) 0 15 (H 2 O) 0 5 
Calcd. (%): C, 51.97; H, 3.12; N, 17.82; Br, 3.05; CI, 9.02; F, 4.84. 
Found. (%): C, 52.07; H, 3.24; N, 17.56; Br, 2.94; CI, 8.78; F, 4.69. 

NMR (DMSO-cfe) 5: 4.24 (2H, s), 7.17 (2H, m), 7.40 (2H, m), 8.69 (1H, s), 8.76 (1H, brs), 12.19 (1H, brs). 
IR (KBr):3440, 1649 cm' 1 . 

Example 9 

Compound I-32 

[0236] 




Process 1 

[0237] 1 N sodium hydroxide solution was added to a solution of compound 5 (1 .36 g, 3.90 mmol) in ethanol at room 
temperature, and the mixture was ref luxed for 3.5 hours. The reaction mixture was acidified to pH 5 with 2 N hydrochloric 
acid under ice-cooling, and the whole was extracted with ethyl acetate. The organic layer was washed with brine and 
dried over sodium sulfate. The crystalline residue obtained by evaporation under reduced pressure was recrystallized 
from ethyl acetate - methanol - hexane to give compound 12 (1.06 g, 3.17 mmol, 81 %) as colorless crystals. 
M.p.: 201 -205 °C. 

NMR (CDCI 3 ) 5: 3.93 (3H, brs), 4.22 (2H, s), 7.16 (2H, m), 7.39 (2H, m), 7.53 (1H, s). 
Process 2 

[0238] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (291 mg, 1 .52 mmol) was added to a suspen- 
sion of compound 12 (337 mg, 1.01 mmol), 1-hydroxybenzotriazole (207 mg, 1.53 mmol) and phenylacetic hydrazide 
(234 mg, 1.53 mmol) in THF (3 ml) at room temperature, and the mixture was stirred for 5.5 hours. After the reaction 
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was quenched with water (15 ml) under ice-cooling, precipitated crystals were collected, washed with water and dried 
under vacuum to give crude compound 13 (470 mg) as colorless crystals. 

Process 3 

[0239] A mixture of crude product 1 3 (401 mg) and phosphorus oxychloride (4 ml) was refluxed for 2 hours. Removal 
of an excess of phosphorus oxychloride under reduced pressure gave the residue, which was added ice-water and 
neutralized with 28 % ammonia. Precipitated crystals were collected, washed with water and dried under vacuum to 
give crude compound 14 (251 mg) as colorless crystals. 

Process 4 

[0240] Compound I-32 was synthesized in a same manner similar to the process 1 of Example 4. 

M.p.: 169 - 172 °C Recrystallization solvent: ethyl acetate - diisopropyl ether 

Elemental analysis for C 2 3H 16 CIFN 4 O2(H 2 O) 0 3 

Calcd. (%): C, 62.75; H, 3.80; N, 12.73; CI, 8.05; F, 4.32. 

Found. (%): C, 62.72; H, 3.69; N, 12.79; CI, 7.62; F, 4.16. 

NMR (DMSO-dy 5: 4.22 (2H, s), 4.38 (2H, s), 7.16 (2H, m), 7.26 - 7.55 (8H, m). 
IR (KBr): 3411 cm" 1 . 

[0241] Compounds I-33 - I-50 were synthesized in a same manner similar to Example 9. 
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Compound I-33 

[0242] M.p.: 206 - 208 °C Recrystallization solvent: isopropanol 
Elemental analysis for C 17 H 12 CIFN 4 O 2 (isopropanol) 0 .i(H2O) 0 2 
5 Calcd. (%): C, 56.41; H, 3.61; N, 15.21; CI, 9.62; F, 5.16. 
Found. (%): C, 56.48; H, 3.46; N, 15.13; CI, 9.28; F, 4.92. 

NMR (CDCI 3 ) 5: 2.66 (3H, s), 4.35 (2H, s), 7.05 (2H, m), 7.31 (2H, m), 7.60 (1H, s). 
IR(KBr):3429cm- 1 . 

10 Compound I-34 

[0243] M.p.: 180 - 182 °C Recrystallization solvent isopropanol 
Elemental analysis for C 2 3H 16 CIFN 4 O 3 (HCI) 0 ^(H 2 O) 0 .3 
Calcd. (%): C, 60.07; H, 3.66; N, 12.18; CI, 8.48; F, 4.13. 
15 Found. (%): C, 60.10; H, 3.36; N, 12.35; CI, 8.54; F, 3.98. 

NMR (CDCI3) 6: 4.35 (2H, s), 5.36 (2H, s), 6.99 - 7.11 (3H; m), 7.23 - 7.39 (6H, m), 7.65 (1H, s). 
IR(KBr):3421 cm* 1 . 

Compound I-35 

20 

[0244] M.p.: 255 - 257 °C Recrystallization solvent: ethanol 
Elemental analysis for C 17 H 13 CIN 4 O 2 (ethanol) 0 2 
Calcd. (%): C, 59.71; H, 4.09; N, 16.01; CI, 10.13. 
Found. (%): C, 59.44; H, 3.96; N, 16.18; CI, 9.98. 
25 NMR (DMSO-oy 5 : 2.54 (3H, s), 4.38 (2H, s), 7.27 - 7.50 (6H, m), 10.55 (1H, brs), 12.96 (1H, brs). 
IR (KBr): 3410 cm' 1 . 

Compound I-36 

30 [0245] M.p.: 262 - 265 °C Recrystallization solvent: methanol 
Elemental analysis for C 11 H 9 CIN 4 0 2 
Calcd. (%): C, 49.92; H, 3.43; N, 21.17; CI, 13.40. 
Found. (%): C, 49.68; H, 3.38; N, 21.00; CI, 13.32. 

NMR (DMSO-d 6 ) 5: 2.54 (3H, s), 2.60 (3H, s), 7.50 (1H, s), 10.50 (1H, brs), 12.94 (1H, brs). 
35 IR (KBr): 3421 cnr 1 . 

Compound I-37 

[0246] M.p.: 266 - 268 °C Recrystallization solvent: ethanol 
40 Elemental analysis for C 17 H 13 C[N 4 O 3 (H 2 O) 0 6 

Calcd. (%): C, 55.55; H, 3.89; N, 15.24; CI, 9.64. 
Found. (%): C, 55.63; H, 3.77; N, 15.08; CI, 9.60. 

NMR (DMSO-cfe) 5: 2.55 (3H, s), 5.49 (2H, s), 7.03 (1H, m), 7.14 (2H, m), 7.35 (2H, m), 7.54 (1H, brs), 10.48 (1H, brs) 
12.99 (1H, brs). 
45 IR (KBr): 3384 cm- 1 . 

Compound I-38 

[0247] M.p.: > 300 °C Recrystallization solvent: chloroform - methanol 
so Elemental analysis for C^H^CI^O^H^O)^ 

Calcd. (%): C, 57.55; H, 3.56; N, 16.78; CI, 10.62. 
Found. (%): C, 57.30; H, 3.76; N, 16.67; CI, 10.86. 

NMR (DMSO-oy 5: 2.56 (3H, s), 7.60 - 7.71 (3H, m), 7.78 (1 H, s), 8.13 - 8.24 (2H, m), 10.59 (1 H, brs), 12.98 (1 H, brs) 
IR (KBr): 3415 cm- 1 . 

55 

Compound I-39 

[0248] M.p.: 247 - 249 °C Recrystallization solvent: isopropanol 
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Elemental analysis for C 17 H 12 CIFN 4 0 2 

Calcd. (%): C, 56.91; H, 3.37; N, 15.62; CI, 9.88; F, 5.30. 

Found. (%): C, 56.76; H, 3.42; N, 15.58; CI, 10.16; F, 5.08. 

NMR (DMSO-cfe) 5: 2.54 (3H t s), 4.38 (2H, s), 7.21 (2H, m), 7.42 - 7.53 (3H, m), 10.61 (1H, brs), 12.95 (1H, brs). 
5 IR(KBr):3338cnrr 1 . 

Compound I-40 

[0249] M.p.: > 300 °C Recrystallization solvent: chloroform - methanol 
10 Elemental analysis for C 18 H 12 CIFN 4 O 2 (CHCI 3 ) 0 .3(H 2 O) 0 5 
Calcd. (%): C, 52.89; H, 3.23; N, 13.48; CI, 16.21; F, 4.57. 
Found. (%): C, 52.56; H, 3.13; N, 13.41; CI, 16.54; F, 4.37. 

NMR (DMSO-cfe) 6: 2.55 (3H, s), 7.31 (2H, m), 7.40 (1H, d, J= 16.5 Hz), 7.73 (1H, s), 7.70 - 7.98 (3H, m), 10.60 (1H, 
brs), 13.01 (1H, brs). 
15 IR (KBr): 3367 crrr 1 . 

Compound 1-41 

[0250] M.p.: 175-177 °C Recrystallization solvent: ethyl acetate 
20 Elemental analysis for C 18 H 14 CIFN 4 0 2 

Calcd. (%): C, 57.99; H, 3.79; N, 15.03; CI, 9.51; F, 5.10. 
Found. (%): C, 57.88; H, 3.76; N, 14.99; CI, 9.12; F, 5.07. 

NMR (DMSO-d 6 ) 5: 2.54 (3H, s), 3.12 (2H, t, J= 7.4 Hz), 3.27 (2H, t, J= 7.4 Hz), 7.12 (2H, m), 7.36 (2H, m), 7.50 (1 H, 
s), 10.55 (1H, brs), 12.99 (1H, brs). 
25 IR(KBr):3423cm" 1 . 

Compound I-42 

[0251] M.p.: 250 - 253 °C Recrystallization solvent: chloroform - methanol 
30 Elemental analysis for C 16 H 10 CIFN 4 O 2 (S) 0 75 (H 2 O) 0 5 

Calcd. (%): C, 50.87; H, 2.93; N, 14.83; CI, 9.38; F, 5.03; S, 6.37. 
Found. (%): C, 50.90; H, 2.63; N, 14.83; CI, 9.47; F, 4.82; S, 6.32. 

NMR (DMSO-d 6 ) 8: 4.39 (2H, s), 7.21 (2H, m), 7.47 (2H, m), 7.57 (1 H, s), 8.39 (1 H, s), 1 0.52 (1 H, brs), 13.29 (1 H, brs). 
IR(KBr):3431 cm- 1 . 

35 

Compound I-43 

[0252] M.p.: 103 - 105 °C Recrystallization solvent: methanol 
Elemental analysis for C 16 H 10 CIFN 4 O 2 (methanol) 05 (H 2 O) 05 
40 Calcd. (%): C, 59.07; H, 3.80; N, 11.72; CI, 7.42; F.7.95. 
Found. (%): C, 59.09; H, 3.72; N, 11.90; CI, 7.29; F, 7.82 . 

NMR (DMSO-cfe) 5: 4.22 (2H, s), 4.38 (2H, s), 7.16 (2H, m), 7.21 (2H, m), 7.39 (2H, m), 7.46 (2H, m), 7.51 (1H, s), 
10.56 (1H, brs), 13.18 (1H, brs). 
IR (KBr):. 3423 cm" 1 . 

45 

Compound I-44 

[0253] M.p.: 246 - 250 °C Recrystallization solvent: isopropanol 
Elemental analysis for C 17 H 12 CIFN 4 O 2 (H 2 O) 0 2 
50 Calcd. (%): C, 56.35; H, 3.45; N, 15.46; CI, 9.78; F, 5.24. 
Found. (%): C, 56.43; H, 3.19; N, 15.51; CI, 9.98; F, 5.05. 

NMR (DMSO-d 6 ) 5 : 2.54 (3H, s), 4.42 (2H, s), 7.15 (1H, m), 7.22 - 7.33 <2H, m), 7.38 - 7.53 (2H, m), 10.52 (1H, brs), 

12.96 (1H, brs). 

IR (KBr): 3429 cm" 1 . 

55 

Compound I-45 

[0254] M.p.: 272 - 276 °C Recrystallization solvent: methanol - isopropanol 
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Elemental analysis for C 17 H 12 CIFN 4 O 2 (isopropanol) 0 1 (H 2 O) 0 2 
Calcd. (%): C, 56.41; H, 3.61; N, 15.21; CI, 9.62; F, 5.16. 
Found. (%): C, 56.28; H, 3.31; N, 15.32; CI, 9.47; F, 5.03. 

NMR (DMSO-c/ 6 ) 6: 2.54 (3H, s), 4.42 (2H, s), 7.20 - 7.32 (2H, m), 7.35 - 7.56 (3H, m), 10.51 (1H, brs), 12.96 (1 H, brs). 
5 IR(KBr):3408cm- 1 . 

Compound I-46 

[0255] M.p.: 163 - 166 °C Recrystallization solvent: ethyl acetate 
io Elemental analysis for C 18 H 12 CIF 3 N 4 O 2 (H 2 O) 04 

Calcd. (%): C, 51.97; H, 3.10; N, 13.47; CI, 8.52; F, 13.70. 
Found. (%): C, 51.79; H, 2.81; N, 13.57; CI, 8.74; F, 13.67. 

NMR (DMSO-d 6 ) 5: 2.54 (3H, s), 4.52 (2H, d, J= 7.8 Hz), 7.41 - 7.80 (5H, m), 10.39 (1H, brs), 12.97 (1H, brs). 
IR(KBr):3411 cnrr 1 . 

15 

Compound I-47 

[0256] M.p.: 268 - 270 °C Recrystallization solvent: acetonitrile 
Elemental analysis for C 23 H 17 CIN 4 O 2 (H 2 O) 0 A 
20 Calcd. (%): C, 65.98; H, 4.14; N, 13.58; CI, 8.47. 
Found. (%): C, 65.86; H, 4.06; N, 13.40; CI, 8.48. 

NMR (DMSO-cfe) 5: 2.54 (3H, s), 6.08 (2H, d, J= 9.6 Hz), 7.26-7.53 (11H, m), 10.47 (1H, brs), 12.97 (1H, brs). 
IR (KBr): 3421 cm* 1 . 

25 Compound I-48 

[0257] M.p.: 249 - 252 °C Recrystallization solvent: methanol 
Elemental analysis for C 15 H 11 CIN 4 O 2 S(S) 0 ! 
Calcd. (%): C, 51.48; H, 3.17; N, 16.01; CI, 10.13; S, 10.08. 
30 Found. (%): C, 51.36; H, 3.08; N, 15.95; CI, 9.88; S, 10.07. 

NMR (DMSO-d 6 ) 8: 2.54 (3H, s), 4.39 (2H, s), 7.17 (1 H, m), 7.51 (2H, m), 7.57 (1 H, m), 10.57 (1 H, brs), 12.96 (1 H, brs). 
IR (KBr): 3429 cm- 1 . 

Compound I-49 

35 

[0258] M.p.: 263 - 266 °C Recrystallization solvent: isopropanol 
Elemental analysis for: C 17 H 19 CIN 4 O 2 (H 2 O) 0 2 
Calcd. (%): C, 58.27; H, 5.58; N, 15.99; CI, 10.12. 
Found. (%): C, 58.38; H, 5.50; N, 16.03; CI, 10.10. 
40 NMR (DMSO-cfe) 5: 0.99 -1.34 (5H, m), 1.58 -1.91 (6H, m), 2.54 (3H, s), 2.84 (1H, d, J= 6.6 Hz), 7.51 (1H, s), 10.51 
(1H, brs), 12.96 (1H, brs). 
IR (KBr): 3419 cm 1 . 

Compound I-50 

45 

[0259] M.p.: 169 - 173 °C Recrystallization solvent: methanol - isopropanol 
Elemental analysis for C 17 H 12 CIN 7 O 2 (HBr) 0 7 (H 2 0) a8 
Calcd. (%): C, 45.09; H, 3.18; N, 21.65; Br, 12.35; ci, 7.83. 
Found. (%): C, 45.19; H, 3.20; N, 21.30; Br, 12.38; CI, 7.64. 
50 NMR (DMSO-d 6 ) 8: 2.64 (3H, s), 4.43 (2H, s), 7.08 (1H, m), 7.18 - 7.28 (2H, m), 7.43 (1H, m), 7.65 (1H, s). 
IR (KBr): 3408, 2114 cm- 1 . 
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Example 10 



Compound 1-51 



5 



[0260] 



10 




h 9 



OMe 




P-N OH 

H 



Process 1-3 



75 



15 



1-51 



Processes 1 - 3 

20 [0261] Compound 1-51 was synthesized in a same manner similar to the process 1 of Example 6, the process 3 of 

Example 9 and the process 1 of Example 4. 

M.p.: 228 - 231 °C Recrystallization solvent: ethanol 

Elemental analysis for C 17 H 13 FN4O 2 (H 2 O) 0 

Calcd. (%): C, 62.61; H, 4.08; N, 17.18; F, 5.83. 
25 Found. (%): C, 62.44; H, 4.07; N, 17.03; F, 5.67. 

NMR (DMSO-d 6 ) 8: 2.50 (3H, s), 4.37 (2H, s), 7.05 (1H, d, J= 8.4 Hz), 7.21 (2H, m), 7.40 - 7.51 (3H f m), 10.42 (1H, 

brs), 12.51 (1H, brs). 

IR(KBr):3408 cm' 1 . 

[0262] Compound I-52 was synthesized in a same manner similar to Example 10. 



Compound I-52 

45 M.p.: 172 - 173 °C Recrystallization solvent: isopropanol 
Elemental analysis for C 19 H 17 FN 4 0 2 
Calcd. (%): C, 64.76; H, 4.86; N, 15.90; F, 5.39. 
Found. (%): C, 64.65; H, 4.71; N, 15.78; F, 5.32. 

NMR (CDCI 3 ) 5 : 1.41 (3H, t, J = 7.4 Hz), 2.64 (3H, s), 4.15 (2H, q, J = 7.4 Hz), 4.27 (2H, s), 6.89 (1H, d, J = 8.6 Hz), 
50 7.O6 (2H, m), 7.35 (2H, m), 7.52 (1H, d, J = 8.6 Hz), 10.54 (1H, brs). 
IR (KBr):3431 cm' 1 . 



30 
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Example 1 1 . 
Compound I-53 
[0263] 




I-53 



Process 1 

[0264] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (424 mg, 2.21 mmol) was added to a suspen- 
sion of compound 16 (502 mg, 2.09 mmol), 1 -hydroxybenzotriazole (297 mg, 2.20 mmol) and 1-amino-3-(4-fluorophe- 
nyl)propane-2-one, hydrochloride (445 mg, 2.19 mmol) in THF - DMF (5:1 v/v, 12 ml) at room temperature, and the 
mixture was stirred for 50 minutes. AAmethylmorpholine (0.455 ml, 4.14 mmol) was added dropwise to the reaction 
mixture, and the whole was stirred for 2 hours. After the reaction was quenched with water (50 ml) at room temperature, 
precipitated crystals were collected, washed with water and dried under vacuum to give crude compound 17 (549 mg) 
as pale brown crystals. 

Processes 2 and 3 

[0265] Compound I-53 was synthesized in a same manner similar to the process 2 of Example 10 and the process 
1 of Example 4. 

M.p.: 242 - 245 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 18 H 13 CIFN 3 O2(HCI) 0 ^h^Ofo 
Calcd. (%): C, 59.52; H, 3.69; N, 11.57; CI, 10.74; F, 5.23. 
Found. (%): C, 59.40; H, 3.55; N, 11.47; CI, 10.85; F, 5.31. 

NMR (DMSO-d 6 ) 5: 2.52 (3H, s), 4.16 (2H, s), 7.19 (2H, m), 7.41 (2H, m), 7.49 (1H, s), 11.64 (1 H, brs), 13.13 (1H, brs). 
IR (KBr):3421 cm" 1 . 
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Example 12 
Compound I-54 
5 [0266] 



10 



15 




Processes 1 - 5 

20 [0267] Compound I-54 was synthesized in a same manner similar to the process 1 of Example 6, the process 1 of 

Example 9, the process 1 of Example 11 , the process 2 of Example 10 and the process 1 of Example 4. 

M.p.: 208 - 210 °C Recrystallization solvent: acetonitrile 

Elemental analysis for C 18 H 14 FN 3 O2(HCI) 0 4 (H 2 O) 0 5 

Calcd. (%): C, 62.32; H, 4.47; N, 12.11; CI, 4.09; F, 5.48. 
25 Found. (%): C, 62.25; H, 4.14; N, 12.12; CI, 4.12; F, 5.54. 

NMR (DMSO-cfe) 5: 2.55 (3H, s), 4.17 (2H, s), 7.13 (1H, d, J= 8.6 Hz), 7.18 (2H, m), 7.40 (2H, m), 7.56 (1H, d, J= 8.6 

Hz), 11.71 (1H, brs). 

IR (KBr): 3425 cm" 1 . 

[0268] Compound I-55 was synthesized in a same manner similar to Example 12. 

30 



35 



40 




I-55 

Compound I-55 

45 

[0269] M.p.: 150 - 151 °C Recrystallization solvent: ethyl acetate - hexane 
Elemental analysis for C 20 H 18 FN 3 O 2 
Calcd. (%): C, 68.36; H, 5.16; N, 11.96; F, 5.41. 
Found. (%): C, 68.31; H, 5.15; N, 11.90; F, 5.36. 
50 NMR (CDCI 3 ) 5: 1.41 (3H, t, J= 7.2 Hz), 2.62 (3H, s), 4.06 (2H, s), 4.14 (2H, q, J= 7.2 Hz), 6.84 (1H, m), 6.84 (1H, d, 
J= 8.4 Hz), 7.04 (2H, m), 7.26 (2H, m), 7.62 (1H, d, J= 8.4 Hz); 11.76 (1H, brs). 
IR (KBr): 3433 cm- 1 . 
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Example 13 
Compound I-56 
5 [0270] 



10 



15 



20 




25 I-56 



Process 1 

30 [0271] A solution of compound 19 (302 mg, 0.850 mmol) and Lawesson's reagent (691 mg, 1.71 mmol) in pyridine 
(4.5 ml) was stirred at 110 °C for 2 hours. After cooling, the reaction mixture was diluted with ethyl acetate, washed 
with 0.1 N hydrochloric acid (15 mix 2), water (15 ml) and brine (15 ml), and dried over sodium sulfate. A crude product 
obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions 
containing desired compound eluted with ethyl acetate were concentrated under reduced pressure to give compound 

35 20 (126 mg, 0.357 mmol, 42 %) as yellow crystals. 

Process 2 

[0272] Compound I-56 was synthesized in a same manner similar to the process 1 of Example 4. 
40 M.p.: 234 - 238 °C Recrystallization solvent: methanol - diethyl ether 
Elemental analysis for C 18 H 15 CIFN 3 OS(HCI) 1>0 (H 2 O) 0t 4 
Calcd. (%): C, 56.44; H, 4.16; N, 10.97; CI, 9.26; F, 4.96; S, 8.37. 
Found. (%): C, 56.52; H, 4.21; N, 10.82; CI, 9.46; F, 4.85; S, 8.16. 

NMR (DMSO-d 6 ) 5: 2.75 (3H, s), 4.29 (2H, s), 7.18 (2H, m), 7.27 (1H, d, J= 8.7 Hz), 7.39 (2H, m), 7.81 (1H, d, J = 8.7 
45 Hz), 7.83 (1H, s), 13.03 (1H, brs), 14.99 (1H, brs). 
IR(KBr):3423 cnrr 1 . 
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Example 14 
Compound I-57 
[0273] 




21 22 




H 
I-57 



Process 1 

[0274] Compound I-22 was synthesized in a same manner similar to the process 1 of Example 13. 
Process 2 

[0275] Compound I-57 was synthesized in a same manner similar to the process 1 of Example 4. 

M.p.:249 - 253 °C Recrystallization solvent: methanol 

Elemental analysis for: C 17 H 13 FN 4 OS(H 2 O) 0 .2 

Calcd. (%): C, 59.36; H, 3.93; N, 16.29; F, 5.52; S, 9.32. 

Found. (%): C, 59.32; H, 3.76; N, 16.20; F, 5.46; S, 9.37. 

NMR (DMSO-cfe) 5: 2.51 (3H, s), 4.46 (2H, s), 7.02 (1H, brd, J= 8.7 Hz), 7.19 (2H, m), 7.43 (2H, m), 7.94 (1H, brs), 
12.48 (1H, brs). 
IR(KBr):3423 cm* 1 . 



64 



EP 1 375 486 A1 



Example 15 
Compound I-58 
5 [0276] 

OH OMe OMe 
H0 2 Cvj^N0 2 ^ MeOgC.j^NOg ^ Me0 2 C>^^NH 2 

Process 1 " Process 2 

23 24 25 




Process 1 

40 [0277] Potassium carbonate (31 .8 g, 0.230 mol) and dimethyl sulfate (21 .8 ml, 0.230 mol) were added to a solution 
of 3-nitrosalicylic acid 23 (18.3 g, 0.100 mol) in acetone (400 ml) at room temperature and the mixture was stirred at 
50 °C for 15 hours. After cooling, the reaction mixture was filtered and a remained inorganic residue was washed with 
acetone. After the filtrate was concentrated, water and 1 0 % hydrochloric acid (40 ml) were added to the residue and 
the whole was extracted with ethyl acetate. The organic layer was washed with saturated sodium hydrogencarbonate 

45 solution and brine, and dried over sodium sulfate. The solvent was evaporated under reduced pressure to give crude 
compound 24 (23.3 g, quant.) as a colorless oil. 

NMR (CDCI 3 ) 5: 3.97 (3H, s), 4.01 (3H, s), 7.28 (1H, dd, J= 8.1, 8.1 Hz), 7.92 (1H, dd, J= 8.1, 1.8 Hz), 8.03 (1H, dd, 
J = 8.1, 1.8 Hz). 

50 Process 2 



[0278] Water (30 ml), iron powder (15.5 g, 0.277 mol) and ammonium chloride (1 .85 g, 0.0347 mol) were added to 
a solution of compound 24 (14.6 g, 0.0693 mol) in 99.5 % ethanol (300 ml) at room temperature, and the mixture was 
refluxed for 4 hours. After cooling, the reaction mixture was filtered and a remained inorganic residue was washed with 
55 ethanol. After the filtrate was evaporated, water and saturated sodium hydrogencarbonate solution added to the residue 
and extracted ethyl acetate. The organic layer was washed with saturated sodium hydrogencarbonate solution and 
brine, and dried over sodium sulfate. Removal of solvent under reduced pressure gave crude compound 25 (11.4 g, 
91 %) as a colorless oil. 
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NMR (CDCI 3 ) 8: 3.85 (3H, s), 3.91 (3H, s), 6.91 (1H, dd, J= 8.1, 2.1 Hz), 6.95 (1H, dd, J= 8.1, 8.1 Hz), 7.19 (1H, dd, 
J=8.1,2.1 Hz). 

Process 3 

5 

[0279] Pyridine (1 0.2 ml, 0. 1 26 mol) and acetic anhydride (8.90 ml, 0.0941 mol) were added to a solution of compound 
25 (11 .4 g, 0.0628 mol) in THF (30 ml) at room temperature, and the mixture was stirred for 1 .5 hours under ice-cooling 
and further 30 minutes at room temperature. The reaction mixture was poured into a mixture of 10 % hydrochloric acid 
(35 ml) - ice-water - ethyl acetate, and the whole was extracted with ethyl acetate. The organic layer was washed with 
10 5 % hydrochloric acid, saturated sodium hydrogencarbonate solution and brine, and dried over sodium sulfate. The 
crystalline residue obtained by evaporation under reduced pressure was washed with hexane - ethyl acetate (4:1) to 
give crude compound 26 (12.7 g, 90 %) as colorless crystals. 

NMR (CDCI3) 8 : 2.24 (3H, s), 3.89 (3H, s), 3.93 (3H, s), 7.16 (1H, dd, J= 8.1, 8.1 Hz), 7.56 (1H, dd, J= 8.1, 1.8 Hz), 
7.86 (1 H, brs), 8.55 (1 H, dd, J = 8.1 , 1 .8 Hz). 

15 

Process 4 

[0280] Lawesson's reagent (10.8 g, 0.0267 mol) was added to a suspension of compound 26 (11.9 g, 0.0535 mol) 
in toluene (150 ml) at room temperature, and the mixture was stirred at 70 °C for 2 hours. The reaction mixture was 

20 diluted with ethyl acetate, washed with water and dried over sodium sulfate. A crude product obtained by evaporation 
under reduced pressure was subjected to silica gel column chromatography. The fractions containing desired com- 
pound eluted with hexane - ethyl acetate (2:1 v/v) were concentrated under reduced pressure. The crystalline residue 
was washed with hexane - ethyl acetate to give compound 27 (12.2 g, 95 %) as yellow crystals. 
NMR (CDCI3) 8: 2.79 (3H, s), 3.90 (3H, s), 3.94 (3H, s), 7.22 (1H, dd, J= 8.1, 8.1 Hz), 7.72 (1H, dd, J= 8.1, 1.8 Hz), 

25 9.01 (1H,dd, J =8.1, 1.8 Hz), 9.14 (1H, brs). 

Process 5 

[0281 ] 6 N Potassium hydroxide solution (9.30 ml, 56.0 mmol) was added to a solution of compound 27 (3.35 g, 1 4.0 
30 mmol) and potassium ferricyanide (9.22 g, 28.0 mmol) in water (55 ml) at 60 °C, and the mixture was stirred at 60 °C 
for 1 hour. The reaction mixture was poured into a mixture of 10 % hydrochloric acid (20 ml) - ice-water - ethyl acetate, 
and the whole was extracted with ethyl acetate. The organic layer was washed with water and brine, and dried over 
sodium sulfate. A crude product obtained by evaporation under reduced pressure was subjected to silica gel column 
chromatography. The fractions containing desired compound eluted with chloroform - methanol (15:1 v/v) were con- 
35 centrated under reduced pressure. The crystalline residue was washed with diisopropyl ether - ethyl acetate to give 
compound 28 (1.52 g, 49 %) as colorless crystals. 

NMR (DMSO-oy 8: 2.83 (3H, s), 4.12 (3H, s), 7.64 (1H, d, J= 8.4 Hz), 7.79 (1H, d, J= 8.4 Hz), 12.91 (1H, brs). 
Process 6 

40 

[0282] Compound 29 (94 %) was synthesized as colorless crystals in a same manner similar to the process 2 of 
Example 9. 

NMR (CDCI3 8: 2.85 (3H, s), 3.70 (2H, s), 4.49 (3H, s), 7.04 (2H, m), 7.33 (2H, m), 7.59 (1H, d, J = 8.4 Hz), 8.09 (1H, 
d, J = 8.4 Hz), 9.30 (1H, d, J = 6.9 Hz), 10.93(1 H, d, J = 6.9 Hz). 

45 

Process 7 

[0283] Compound 30 (91 %) was synthesized as colorless crystals in a same manner similar to the process 3 of 
Example 9. 

50 NMR (CDCI3) 8: 2.87 (3H, s), 4.24 (3H, s), 4.29 (2H, s), 7.05 (2H, m), 7.37 (2H, m), 7.60 (1H, d, J = 8.4 Hz), 7.86 (1 H, 
d, J = 8.4 Hz). 

Process 8 

55 [0284] Compound I-58 (47 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 
Example 4. 

M.p.: 183 - 184 °C Recrystallization solvent: chloroform - ethyl acetate 
Elemental analysis for C 17 H 12 FN 3 02S 
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Calcd. (%): C, 59.81; H, 3.54; N, 12.31; F, 5.57; S, 9.39. 
Found. (%): C, 59.68; H, 3.43; N, 12.23; F, 5.54; S, 9.46. 

NMR (CDCI 3 ) 6: 2.88 (3H, s), 4.30 (2H, s), 7.07 (2H, m), 7.36 (2H, m), 7.41 (1H, d, J= 8.4 Hz), 7.63 (1H, d, J= 8.4 
Hz), 10.83 (1H, brs). 
5 |R (KBr): 3442, 1626, 1583, 1514, 1460, 1365, 1227, 1165 cm* 1 . 

[0285] Compounds I-59 - 1-61 were synthesized in a same manner similar to Example 15. 



10 



15 




l-59:X= O, Y = CH 
I-60: X = S, Y = CH 
1-61 : X = S, Y = N 



I-59 ~ 1-61 

20 

Compound I-59 

[0286] M.p.: 168 -169 °C Recrystallization solvent: hexane - ethyl acetate 
Elemental analysis for C 18 H 13 FN 2 02S 
25 Calcd. (%): C, 63.52; H, 3.85; N, 8.23; F, 5.58; S, 9.42. 
Found. (%): C, 63.45; H, 3.75; N, 8.15; F, 5.46; S, 9.40. 

NMR (CDCI3 5 : 2.87 (3H, s), 4.07 (2H, s), 6.89 (1H, t, J= 0.9 Hz), 7.04 (2H, m), 7.22 - 7.30 (2H, m), 7.35 (1H, d, J = 
8.4 Hz), 7.73 (1H, d, J= 8.4 Hz), 11.96 (1H, brs). 
IR (KBr): 1572, 1508, 1466 cm 1 . 

30 

Compound I-60 

[0287] M.p.: 197 - 198 °C Recrystallization solvent: chloroform - ethyl acetate 
Elemental analysis for C 18 H 13 FN 2 OS 2 
35 Calcd. (%): C, 60.65; H, 3.68; N, 7.86; F, 5.33; S, 17.99. 
Found. (%): C, 60.49; H, 3.50; N, 7.75; F, 5.43; S, 17.98. 

NMR (CDCI3) 6: 2.86 (3H, s), 4. 1 7 (2H, s), 7.03 (2H, m), 7.20 - 7.28 (2H, m), 7.28 (1 H, d, J = 8.4 Hz), 7,45 (1H, d, J = 
8.4 Hz), 7.52 (1H, t, J= 0.9 Hz), 13.04 (1H, brs). 
IR (KBr): 1510, 1452 cm" 1 . 

40 

Compound 1-61 

[0288] M.p.: 195 - 196 °C Recrystallization solvent: chloroform - ethyl acetate 
Elemental analysis for C 17 H 12 FN 3 OS2 
45 Calcd. (%): C, 57.13; H, 3.38; N, 11.76; F, 5.32; S, 17.94. 
Found. (%): C, 57.01; H, 3.24; N, 11.68; F, 5.21; S, 17.98. 

NMR (CDCI 3 ) 8: 2.87 (3H, s), 4.44 (2H, s), 7.07 (2H, m), 7.30 - 7.37 (2H, m), 7.33 (1H, d, J= 8.4 Hz), 7.37 (1H, d, J = 
8.4 Hz), 12.10 (1H, brs). 
IR (KBr): 1510, 1458 cm' 1 . 

50 
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Example 16 
Compound I-62 
5 [0289] 



10 



15 



20 



25 




I-62 

30 

Process 1 

[0290] 1 N Sodium hydroxide solution (40 ml) was added to compound 31 (2.06 g, 8.12 mmol) described in the 
literature (J. Chem. Soc. Perkin Trans. 1, 2789 - 2811, (1992)) at room temperature, and the mixture was stirred for 1 
35 hour. The reaction mixture was neutralized with 2 N hydrochloric acid under ice-cooling. Precipitated crystals were 
collected, washed with water and dried under vacuum to give compound 32 (1.49 g, 6.60 mmol, 81%) as colorless 
crystals. 

NMR (DMSO-cfe) 8: 2.62 (3H, s), 3.78 (3H, s), 8.75 (1H, s), 13.43 (1H, brs). 
40 Process 2 

[0291] Compound 33 was synthesized in a same manner similar to the process 2 of Example 9. 

NMR (DMSO-cfe) 6: 2.62 (3H, s), 3.55 (2H, s), 3.78 (3H, s), 7.16 (2H, m), 7.38 (2H, m), 8.33 (1H, s), 10.42 (1H, brs), 

10.48 (1H, brs). 

45 

Process 3 

[0292] Compound 34 was synthesized in a same manner similar to the process 3 of Example 9. 
NMR (DMSO-cfe) 6: 2.65 (3H, s), 3.81 (3H, s), 4.42 (2H, s), 7.22 (2H, m), 7.47 (2H, m), 8.77 (1H, s). 

50 

Process 4 

[0293] Sodium methoxide (28 % methanol solution, 1.5 ml) was added to a suspension of compound 34 (599 mg, 
1 .67 mmol) in methanol (6 ml), and the mixture was ref luxed for 1 .5 hours. After the reaction was quenched with water 
55 (30 ml) under ice-cooling, the mixture was neutralized with 1 N hydrochloric acid. Precipitated crystals were collected, 
washed with water and dried under vacuum to give compound 35 (495 mg, 1 .40 mmol, 84 %) as colorless crystals. 
NMR (DMSO-d 6 ) 8: 2.58 (3H, s), 3.75 (3H, s), 4.36 (2H, s), 4.55 (3H, s), 7.22 (2H, m), 7.44 (2H, m), 8.54 (1H, s). 
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Process 5 

[0294] Compound I-62 was synthesized in a same manner similar to the process 1 of Example 4. 
M.p.: 229 - 232 °C Recrystallization solvent: methanol 
5 Elemental analysis for C 17 H 14 FN 5 02 

Calcd. (%): C, 60.17; H, 4.16; N, 20.64; F, 5.60. 
Found. (%): C, 59.94; H, 4.03; N, 20.41; F, 5.38. 

NMR (DMSO-cfe) 8: 2.58 (3H, s), 3.74 (3H, s), 4.17 (1H, brs), 4.37 (2H, s), 7.20 (2H, m), 7.44 (2H, m), 8.53 (1H, s). 
IR (KBr): 3433, 1604 cm 1 . 

10 

Example 17 
Compound I-63 
15 [0295] 



20 



25 



30 




Process 1 

[0296] Potassium carbonate (anhydrous, 8.3 g, 60.0 mmol) and methyl iodide (4.7 g, 33.0 mmol) were added to a 
40 solution of commercially available compound 36 (7.74 g, 30.0 mmol) in DMF (50 ml), and the mixture was stirred at 
room temperature for 3 hours. After the reaction mixture was filtered, water (100 ml) was added to the filtrate and the 
whole was extracted with ethyl acetate. The organic layer was washed with water (50 ml) and brine (50 ml), and dried 
over sodium sulfate. A crude product obtained by evaporation under reduced pressure was subjected to silica gel 
column chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (1:1 v/v) were 
45 concentrated under reduced pressure to give compound 37 (7.32 g, 26.9 mmol, 89.7 %) as colorless crystals. 

NMR (CDCI 3 )6: 4.17 (3H, s), 7.55 (1H, dd, J= 4.2, 1.8 Hz), 7.80 (1H, s), 8.53 (1H, dd, J= 1.8, 8.4 Hz), 9.01 (1H, dd, 
J =4.2, 1.8 Hz). 

Process 2 

50 

[0297] Phenyl lithium (17.0 % cyclohexane - diethyl ether solution, 1.0 ml) was added to diethyl ether (anhydrous, 
10 ml), and the mixture was stirred at -75 °C for 5 minutes. A solution of compound 37 (272 mg, 1.0 mmol) in diethyl 
ether (5 ml) was carefully added dropwise to the solution, and the whole was stirred for 1 .5 hours. A solution of 5-(4-fluor- 
ophenylsulfanyl)furan-2-carbonyl chloride in diethyl ether (6.0 ml) was added to the reaction mixture, and the whole 
55 was stirred for 1 hour. The reaction was quenched with hydrochloric acid - THF (2.5:7.5 v/v) dropwisely and allowed 
to warm to room temperature. Water (40 ml) was added to the reaction mixture, and the whole was extracted with ethyl 
acetate. The organic layer was washed with water (50 ml) and brine (50 ml), and dried over sodium sulfate. A crude 
product as a dark brown oil obtained by evaporation under reduced pressure was subjected to silica gel column chro- 
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matography. The fractions containing desired compound eluted with hexane - ethyl acetate (3:1 v/v) were concentrated 
under reduced pressure to give compound 38 (65.0 mg, 0.16 mmol, 16.0 %) as a yellow oil. 

NMR (CDCI 3 ) 8: 4.12 (3H, s), 6.50 (1H, d, J = 3.3 Hz),7.01 - 7:06 (2H, m) t 7.13 (1H, d, J= 3.3 Hz), 7.44 - 7.49 (2H, 
m), 7.60 (1H, s), 7.60 - 7.64 (1H, m), 8.60 (1H, dd, J= 8.6, 1.8 Hz), 9.05 (1H, dd, J= 4.2, 1.8 Hz). 

Process 3 

[0298] Pyridine hydrochloride (140 mg, 1 .20 mmol) was added to compound 38 (50 mg, 0.12 mmol), and the mixture 

was stirred at 190 °C for 15 minutes. After cooling to room temperature, ice-water (15 ml) was added to the reaction 

mixture and the whole was extracted with ethyl acetate. The organic layer was washed with water (50 ml) and brine 

(50 ml), and dried over sodium sulfate. The yellow crystalline residue obtained by evaporation under reduced pressure 

was washed with diisopropyl ether to give compound I-63 (36 mg, 0.09 mmol, 75.0 %). 

M.p.: 120 - 122 °C Recrystallization solvent: diisopropyl ether 

Elemental analysis for C 20 H 11 CiFNO 3 S(HCI) 0 02 (H 2 O) 0 

Calcd. (%): C, 59.70; H, 2.81; N, 3.48; CI, 8.99; F, 4.72; S, 7.97. 

Found. (%): C, 59.61; H, 2.65; N, 3.44; CI, 9.26; F, 4.60; S, 7.68. 

NMR (CDCI3) 5: 6.66 (1H, d, J= 3.6 Hz), 7.06 - 7.11 (2H, m), 7.48 (1H, d, J= 3.6 Hz), 7.53 - 7.61 (2H, m), 7.69 (1H, 
dd, J= 8.6, 3.9 Hz), 8.23 (1H, s), 8.50 - 8.56 (1H, m), 9.00 - 
9.20 (1H, m), 13.14 (1H, brs). 

[0299] Compound I-64 was synthesized in a same manner similar to Example 17. 



O OH 




I -64 



Compound I-64 

[0300] M.p.: 126 - 128 °C Recrystallization solvent: diethyl ether 
Elemental analysis for C 21 H 13 CIFNO3(HCI) 0/ ,(C2H 5 O) 0 01 (H 2 O) 0 16 
Calcd. (%): C, 64.98; H, 3.50; N, 3.60; CI, 10.0; F, 4.89. 
Found. (%): C, 65.19; H, 3.21; N, 3.71; CI, 9.91; F, 4.57. 

NMR (CDCI3) 5: 4.23 (2H, s), 6.30(1 H, d, J= 3.6 Hz), 7.04 - 7.12 (2H, m), 7.26 - 7.36 (2H, m), 7.43 (1H, d, J= 3.6 Hz), 
8.32 (1 H, s), 8.54 (1 H, dd, J = 8.6, 1 .8 Hz), 9.00 - 9.30 (1 H, m), 1 3.18 (1 H, brs). 
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Example 18 
Compound I-65 
5 [0301] 




42 43 



40 Process 1 

[0302] Potassium carbonate (10.5 g, 76.0 mmol) and methyl iodide (6.2 g, 43.7 mmol) were added to a solution of 
7-bromo-5-chloro-8-hydroxyquinoline 39 (9.8 g, 38.0 mmol) in DMF (70 mi), and the mixture was stirred for 3 hours at 
room temperature. After the reaction was quenched with water, precipitated crystals were collected and washed with 
45 water. The crystals were dissolved in ethyl acetate; dried over magnesium sulfate and treated with active carbon. 
Removal of solvent under reduced pressure gave crude compound 40 (9.0 g, 33.0 mmol, 87 %) as colorless crystals. 

Process 2 

so [0303] Bromine (6.4 g, 40 mmol) and pyridine (1 .6 g, 40 mmol) were added dropwise to a solution of compound 40 
(5.17 g, 20 mmol) obtained by the process 1 in carbon tetrachloride (40 ml) at room temperature, and the mixture was 
refluxed for 1 5 hours. After cooling, 2 N sodium hydroxide solution (22 ml, 44 mmol) was added dropwise to the reaction 
mixture. After stirring for 1 0 minutes, the whole was extracted with dichloromethane, washed with water and dried over 
magnesium sulfate. A crude product obtained by evaporation under reduced pressure was subjected to silica gel column 

55 chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (4:1 v/v) were concen- 
trated under reduced pressure to give compound 41 (4.78 g, 13.6 mmol, 68 %) as colorless crystals. 
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Process 3 

[0304] Potassium acetate (8.84 g, 90 mmol), bis(pinacolato)diboron (16.8 g, 66 mmol) and tetrakis(triphenylphos- 
phine)palladium (0) (1.7 g, 1.5 mmol) were added to a solution of compound 42 (8.68 g, 60 mmol) in toluene (40 ml), 
5 and the mixture was refluxed for 3 hours. After cooling, the reaction mixture was poured into ice-water and stirred for 
5 minutes. The whole was extracted with ethyl acetate, washed with water and dried over magnesium sulfate. A crude 
product as a purple oil obtained by evaporation under reduced pressure was subjected to silica gel column chroma- 
tography. The fractions containing desired compound eluted with hexane - ethyl acetate (50:1 v/v) were concentrated 
under reduced pressure to give compound 43 (9.5 g, 40 mmol, 67 %) as colorless crystals. 

w 

Process 4 

[0305] Compound 43 (944 mg, 4 mmol) obtained by the process 3, 2 M potassium carbonate solution (4.5 ml, 9 
mmol) and tetrakas(triphenylphosphine)palladium (0) (350 mg, 0.3 mmol) were added to a solution of compound 41 

is (1 .05 g, 3 mmol) obtained by the process 2 in DMF (40 ml) at room temperature, and the mixture was stirred at 70 °C 
for 5 hours. The reaction mixture was filtered and water was added to the filtrate. The whole was extracted with ethyl 
acetate, washed with water and dried over magnesium sulfate. A crude product as a yellow oil obtained by evaporation 
under reduced pressure was subjected to silica gel column chromatography. The fractions containing desired com- 
pound eluted with hexane - ethyl acetate (3:1 v/v) were concentrated under reduced pressure to give compound 44 

20 (340 mg, 0.89 mmol, 30 %) as pale yellow crystals. The fractions obtained as a mixture were concentrated and subjected 
to silica gel column chromatography again. The fractions containing desired compound eluted with toluene - ethyl 
acetate (9:1 v/v) were concentrated under reduced pressure to give compound 44 (259 mg, 0.68 mmol) as pale yellow 
crystals. The total yield was 53%. 

25 Process 5 

[0306] Phenyl lithium (2 M cyclohexane solution, 0.5 ml, 1 mmol) was added to diethyl ether (10 ml), and the mixture 
was cooled to -78 °C. A solution of compound 44 (200 mg, 0.53 mmol) in diethyl ether (5 ml) was added dropwise to 
the solution, and the whole was stirred at -78 °C for 30 minutes. C0 2 gas was bubbled through the reaction mixture 
30 for 60 minutes, which was allowed to warm 0 °C, quenched with ammonium chloride aqueous solution. The whole was 
extracted with ethyl acetate, washed with water and dried over sodium sulfate. The crystalline residue obtained by 
evaporation under reduced pressure was washed with diethyl ether to give compound 45 (110 mg, 0.32 mmol, 64 %) 
as colorless crystals. 

35 Process 6 

[0307] Hydrobromic acid - acetic acid (4 ml - 1 ml) was added dropwise to compound 45 (70 mg, 0.2 mmol) at room 

temperature, and the mixture was stirred at 110 °C for 60 minutes. After cooling, water was added to the reaction 

mixture and the whole was extracted with ethyl acetate. The organic layer was washed with sodium hydrogencarbonate 
*o solution and water, and dried over sodium sulfate. The crystalline residue obtained by evaporation under reduced 

pressure was washed with ethyl acetate to give compound I-65 (59 mg, 0.18 mmol, 88 %) as colorless crystals. 

M.p.: 222 - 224 °C Recrystallization solvent: ethyl acetate 

Elemental analysis for C 17 H 11 CIFNO 3 (H 2 O) 0 2 

Calcd. (%): C, 60.89; H, 3.43; N, 4.18; CI, 10.57; R 5.67. 
45 Found. (%): C, 60.55; H, 3.30; N, 4.28; CI, 10.96; F, 5.50. 

NMR (DMSO-cfe) 8: 4.30 (2H, s), 7.12 - 7.22 (2H, m), 7.38 - 7.44 (2H, m), 7.98 (1H, s), 8.38 (1H, brs), 8.95 (1H, brs). 
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Example 19 
Compounds I-66, I-67 
5 [0308] 



10 



15 



20 




Process 1 

[0309] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (67 mg, 0.35 mmol) and 1-hydroxybenzotria- 
30 zole (46 mg, 0.35 mmol) were added to a solution of compound 45 (100 mg, 0.29 mmol), which was synthesized in a 
same manner similar to Example 18, in DMF (10 ml), and the mixture was stirred at room temperature for 30minutes. 
After ethanol (1 0 ml) and triethylamine (0.1 ml, 1 mmol) were added dropwise to the reaction mixture under ice-cooling, 
the mixture was refluxed for 30 minutes and concentrated under reduced pressure. The residue was extracted with 
ethyl acetate, washed with water and dried over magnesium sulfate. Removal of solvent under reduced pressure gave 
35 compound 46 (70 mg, 0.19 mmol, 65 %) as pale yellow crystals. 

Process 2 

[0310] Aluminum chloride (48 mg, 0.36 mmol) was added to a solution of compound 46 (45 mg, 0.12 mmol) in 
*o dichloromethane (6 mi) under ice-cooling, and the mixture was stirred for 1 0 minutes. Ethanethiol (1 M in dichlorometh- 

ane, 120 jxl, 0.12 mmol) in dichloromethane was added dropwise to the reaction mixture, and the whole was stirred 

for 60 minutes. The reaction mixture was poured into ice-water and the whole was extracted with ethyl acetate. The 

organic layer was washed with sodium hydrogencarbonate solution, 1 N hydrochloric acid and water, and dried over 

sodium sulfate. Removal of solvent under reduced pressure gave a pale yellow crystalline residue, which was recrys- 
^5 tallized from diethyl ether to give compound I-66 (22 mg, 0.061 mmol, 51 %) as yellow crystals. 

M.p.: 99-101 °C Recrystallization solvent: diethyl ether 

Elemental analysis for C 19 H 15 CIFNO 3 (H 2 O) 0 5 (diethyl ether) 0 02 

Calcd. (%): C, 61.89; H, 4.41; N, 3.78; CI, 9.57; F, 5.13. 

Found. (%): C, 61.84; H, 3.97; N, 3.80; CI, 9.79; F, 4.73. 
50 NMR (CDC! 3 ) 8: 1.45 (3H, t, J= 7.2 Hz), 4.22 (2H, s), 4.45 (2H, dd, J= 7.2, 7.2Hz), 7.00 - 7.08 (2H, m), 7.16 - 7.24 

(2H, m), 7.96 (1H, s),8.28 - 8.32 (1H, m),8.88 - 8.92 (1H, m). 

Process 3 

55 [0311] Triethylamine (122 mg, 1.2 mmol) and 10 % palladium carbon (460 ^ig, 0.2 %/w) were added to a solution of 
compound 46 (230 mg, 0.62 mmol) in methanol - DMF (10 ml - 2 ml) under ice-cooling, and the mixture was stirred 
under 4 atm of hydrogen atmosphere for 96 hours. The reaction mixture was filtered, evaporated under reduced pres- 
sure, and extracted with ethyl acetate. The organic layer was washed with water and dried over magnesium sulfate. 



73 



EP 1 375 486 A1 

A crude product as a yellow oil obtained by evaporation under reduced pressure was subjected to silica gel column 
chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (2:1 v/v) were concen- 
trated under reduced pressure to give compound 47 (56 mg, 0.172 mmol, 28 %) as pale yellow crystals. Compound 
47 (55 mg, 0.16 mmol) was reacted in a same manner similar to the process 2 to give compound I-67 (34 mg, 0.105 
mmol, 65 %). 

M.p.: 103 - 105 °C Recrystallization solvent: diisopropyl ether 
Elemental analysis for C 19 H 16 FN0 3 (H 2 0)o 2< HCI )o 08 
Calcd. (%): C, 68.77; H, 5.01; N, 4.22; F, 5/72. 
Found. (%): C, 68.39; H, 4.79; N, 4.25; F, 5.43. 

NMR (CDCl 3 ) 8: 1.46 (3H, t, J= 7.2 Hz), 4.16 (2H, s), 4.48 (2H, dd, J= 7.2, 7.2Hz), 6.96 - 7.08 (2H, m), 7.16 - 7.24 
(3H, m), 7.76 - 7.82 (1H, m),7.86 - 7.90 (1H,m), 8.86 - 8.90 (1H, m). 

[0312] Compounds I-68 and I-69 were synthesized in a same manner similar to Example 19. 



I-68 : R1 = CI, R2=CONH 2 
I-69 : R1 =CI, R2=CONHMe 



I-68 ~ I-69 



Compound I-68 

[0313] M.p.: 226 - 228 °C Recrystallization solvent: diisopropyl ether 

Elemental analysis for C 17 H 1 2CIFN 2 O2(H 2 O) 0 45 

Calcd. (%): C, 60.08; H, 3.83; CI, 10.74; N, 8,24; F, 5.59. 

Found. (%): C, 59.89; H, 3.42; CI, 10.84; N, 8.10; F, 5.36. 

NMR (CDCI3) 6: 4.23 (2H, s), 5.60 - 6.0 (1H, brs), 7.00 - 7.20 (2H, m), 7.15 - 7.25 (2H, m), 7.50 - 7.80 (1H, brs), 8.20 
- 8.35 (2H,m), 8.70 - 8.80 (1 H, m). 

Compound I-69 

[0314] M.p.: 169 - 171 °C Recrystallization solvent: diisopropyl ether 

NMR (CDCI3) 8: 3.09 (3H, s), 4.22 (2H, s), 7.00 - 7.08 (2H, m), 7.12 - 7.25 (2H, m), 7. 70 -7.80 (1H, brs), 8.20 - 8.38 
(2H,m), 8.68 -8.80(1 H,m). 
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Example 20 
Compound I-70 
5 [0315] 



10 



15 



20 



25 




Process 2 



Process 1 

[031 6] Phenyl lithium (2 M cyclohexane solution, 1.8 ml, 3.6 mmol) was added to diethyl ether (25 ml), and the mixture 
30 was cooled to -78 °C. A solution of compound 44 (700 mg, 1 .84 mmol) in diethyl ether (10 ml) was added dropwise to 
the solution. After the mixture was stirred at-78 °C for 30 minutes, a solution of triisopropyl borate (383 mg, 3.7 mmol) 
in diethyl ether (2 ml) was added dropwise. After stirring for 30 minutes, the reaction mixture was allowed to warm to 
0 °C and neutralized with 1 N hydrochloric acid. The whole was extracted with ethyl acetate, washed with water and 
dried over sodium sulfate. A crude product as a pale yellow oil obtained by evaporation under reduced pressure was 
35 subjected to silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl 
acetate (1 :2 v/v) were concentrated under reduced pressure to give compound 48 (70 mg, 0.2 mmol, 11 %) as colorless 
crystals. 

Process 2 

40 

[0317] Tetrakis(triphenylphosphine)palladium (0) (24 mg, 0.021 mmol), 2-bromopyrimidine (47.7 mg, 0.3 mmol) and 
2 M sodium carbonate solution (110 0.22 mmol) were added to a solution of compound 48 (70 mg, 0.2 mmol) 
obtained by the process 1 in DME - ethanol (3 ml - 2 ml) at room temperature, and the mixture was refluxed for 2 hours. 
After cooling, the reaction was quenched with ice-water, and the whole was extracted with ethyl acetate, washed with 
45 water and dried over magnesium sulfate. A crude product as a yellow oil obtained by evaporation under reduced 
pressure was subjected to silica gel column chromatography. The fractions containing desired compound eluted with 
hexane - ethyl acetate (2:1 v/v) were concentrated under reduced pressure to give compound 49 (40 mg, 0.11 mmol, 
52 %) as pale yellow crystals. 

so Process 3 

[0318] Pyridine hydrochloride (100 mg, 0.87 mmol) was added to compound 49 (40 mg, 0.11 mmol) obtained by the 
process 2, and the mixture was stirred at 170 °C for 10 minutes. After cooling, ice water was added to the reaction 
mixture, and the whole was extracted with ethyl acetate, washed with water and dried over sodium sulfate. Removal 
55 of solvent under reduced pressure gave a pale yellow crystalline residue, which was recrystallized from diisopropyl 
ether to give compound I-70 (28 mg, 0.08 mmol, 70 %) as pale yellow crystals. 
M.p.: 204 - 207 °C Recrystallization solvent: diisopropyl ether 
Elemental analysis for C2oH 1 3CIFN 3 0(H 2 0)o. 1 



75 



EP 1 375 486 A1 



Calcd. (%): C, 65.35; H, 3.62; CI, 9.64; N, 11.43; F, 5.17. 
Found. (%): C, 65.15; H, 3.48; CI, 9.59; N, 11.19; F, 4.89. 

NMR (CDCI 3 ) 8: 4.22 (2H, s), 6.98 - 7.06 (2H, m), 7.16 - 7.24 (2H, m), 7.31 (1H, t, J= 4.8 Hz), 7.24 - 7.28 (1H, m), 
8.69(1 H, s), 8.70-8.80 (1H, m), 8:88(2H, d, J =4.8 Hz). 

[0319] Compound 1-71 was synthesized in a same manner similar to Example 20. 




1-71 



Compound 1-71 

[0320] M.p.: 150 - 152 °C Recrystallization solvent: diisopropyl ether 
Elemental analysis for C 21 H 14 CIFN 2 O(H 2 O) 0 25 
Calcd. (%): C, 68.30; H, 3.96; CI, 9.60; N, 7.59; F, 5.14. 
Found. (%): C, 68.27; H, 3.86; CI, 9.41; N, 7.34; F, 4.85. 

NMR (CDCI3) 8: 4.22 (2H, s), 6.98 - 7.06 (2H, m), 7.16 - 7.26 (2H, m), 7.30 - 7.36 (1H, m), 7.88 - 8.00 (2H, m), 8.23 
(1 H, s), 8.60 - 8.64 (1 H, m), 8.75 - 9.00 (1 H, brs). 

Example 22 

Compound I-73 

[0321] 




I-73 



Process 1 

[0322] Phenyl lithium (2 M cyclohexane solution, 0.5 ml, 1 mmol) was added to diethyl ether (15 ml), and the mixture 
was cooled to -78 °C. A solution of compound 44 (1 90 mg, 0.5 mmol), synthesized in a same manner similar to Example 
18, in diethyl ether (4 ml) was added dropwise to the solution. After the mixture was stirred at -78 °C for 30 minutes, 
a solution of propionyl chloride (92.5 mg, 1.0 mmol) in diethyl ether (2 ml) was added dropwise. After stirring for 30 
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minutes, the reaction was quenched with ammonium chloride solution. The whole was extracted with ethyl acetate, 
washed with water and dried over sodium sulfate. A crude product as a pale yellow oil obtained by evaporation under 
reduced pressure was subjected to silica gel column chromatography. The fractions containing desired compound 
eluted with hexane - ethyl acetate (3: 1 v/v) were concentrated under reduced pressure to give compound 13 as a 
5 yellow oil. Compound 51 was reacted in a same manner similar to the process 3 of Example 20 to give compound I- 
73 {6 mg, 0.0174 mmol, 4 %). 

M.p: 125 - 127 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 16 H 11 CIFNO 2 (H 2 O) 0> 25 
Calcd. (%): C, 62.35; H, 3.76; N, 4.54; F, 6.16; CI, 11.50. 
10 Found. (%): C, 62.26; H, 3.67; N, 4.58; F, 5.88; CI, 11.52. 

NMR (CDCI 3 ) 6: 1.30 (3H, t, J= 7.2 Hz), 3.13 (2H, dd, J= 7.2, 7.2 Hz), 4.22 (2H, s) 6.90 - 7.08 (2H, m), 7.16 - 7.24 
(2H, m), 7.90 (1 H, s), 8.20 - 8.24 (1 H, m), 8.84 - 8.92 (1 H, m). 

Example 23 

15 

Compounds I-74, I-75 
[0323] 

20 




58 I-75 
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Process 1 

[0324] 5,7-dibromo-8-hydroxyquinoline 52 (6.04 g, 20.0 mmol) was added to a suspension of sodium hydride (960 
mg, 24 mmol) in THF (160 ml), and the mixture was stirred for 2 hours at room temperature. After cooling to -78 °C, 

5 /vbutyllithium (1 .6 M hexane solution, 1 3.8 ml) was added dropwise to the reaction mixture. After stirring for 1 5 minutes, 
a solution of methyl iodide (3.4 g, 24 mmol) in THF (15 ml) was added dropwise to the reaction mixture. After stirring 
for 2 hour, the reaction was quenched with a solution of 2 N hydrochloric acid in THF (30 ml) drop wisely, and allowed 
to warm to room temperature. After 1 M Sodium hydrogencarbonate solution (100 ml) was added dropwise to the 
reaction mixture, the aqueous layer was separated and extracted with dichloromethane (50 ml x 3). The combined 

w organic layers were dried over sodium sulfate. Removal of solvent under reduced pressure gave a crystalline residue, 
which was washed with chloroform - diisopropyl ether to give compound 53 (3.8 g, 1 6 mmol, 80 %) as pale brown 
crystals. 

Process 2 

15 

[0325] Potassium carbonate (4.2 g, 30.4 mmol) and methyl iodide (2.58 g, 18.2 mmol) were added to a solution of 
compound 53 (3.60 g, 15.2 mmol) obtained by the process 1 in DMF (30 ml), and the mixture was stirred for 3 hours 
at room temperature. After water was added to the reaction mixture, precipitated crystals were collected and washed 
with water. The crystals were dissolved in ethyl acetate, dried over magnesium sulfate and treated with active carbon. 
20 a crystalline residue was obtained by evaporation under reduced pressure. An aqueous filtrate were extracted with 
ethyl acetate, washed and dried. Removal of solvent under reduced pressure gave a purple oil. The crystalline residue 
and purple oil were combined and subjected to silica gel column chromatography. The fractions containing desired 
compound eluted with hexane - ethyl acetate (2:1 v/v) were concentrated under reduced pressure to give compound 
54 (2.57 g, 10.2 mmol, 67 %) as pale yellow crystals. 

25 

Process 3 

[0326] Bromine (1 .9 g, 1 1 .2 mmol) was added to a solution of compound 54 (1 .4 g, 5.6 mmol) obtained by the process 
2 in carbon tetrachloride (8 ml) at room temperature, and the mixture was refluxed for 1 hour. After cooling to room 

30 temperature, pyridine (886 mg, 11 .2 mmol) was added dropwise to the reaction mixture. The whole was refluxed for 4 
hours, and an organic layer was separated by decantation after cooling. 2 N Sodium hydroxide solution (10 ml, 40 
mmol) was added dropwise to the oily residue, and the whole was extracted with dichloromethane and washed, the 
combined organic layer were dried. A crude product as a oil obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl 

35 acetate (3:1 v/v) were concentrated under reduced pressure to give compound 55 (470 mg, 1 .4 mmol, 25 %) as pale 
yellow crystals. 

Process 4 

40 [0327] Compound 43 (283 mg, 1 .2 mmol) obtained by the process 3 of Example 8, 2 M potassium carbonate solution 
(1 ml, 2 mmol), palladium acetate (11 mg, 0.05 mmol) and triphenylphosphine (26.2 mg, 0.1 mmol) were added to a 
solution of compound 55 (331 m g, 1 mmol) obtained by the process 3 in DMF (4 ml) at room temperature, and the 
mixture was stirred for 30 minutes at 60 °C. Compound 45 (28.3 mg, 0.1 2 mmol), palladium acetate (1 1 mg, 0.05 mmol) 
and triphenylphosphine (26.2 mg, 0.1 mmol) were added to the reaction mixture, and the whole was stirred under 

45 heating for 2 hours. After cooling, the reaction mixture was poured into ice water and the whole was extracted with 
ethyl acetate, washed and dried. A crude product as a yellow oil obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl 
acetate (4:1 v/v) were concentrated under reduced pressure to give compound 56 (250-mg, 0.68 mmol, 68 %) as pale 
yellow crystals. 

50 

Process 5 

[0328] Compound 56 (290 mg, 0.81 mmol) was reacted in a same manner similar to the process 5 of Example 18 
to give compound 57 (175 mg, 0.54 mmol, 66 %) as pale yellow crystals. 

55 

Process 6 

[0329] Compound 57 (50 mg, 0.15 mmol) was reacted in a same manner similar to the process 6 of Example 18 to 
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give compound I-74 (36 mg p 0.12 mmol, 80 %) as pale yellow crystals. 
M.p.: 235 - 238 °C Recrystallization solvent: diisopropyl ether - ethyl acetate 
Elemental analysis for C 1Q H 14 FNO 3 (H 2 O) 0 2(ethyl acetate) 0 15 
Calcd. (%): C, 68.08; H, 4.79; N, 4.23; F, 5.79. 
5 Found. (%): C, 68.23; H, 4.43; N, 4.23; F, 5.53. 

NMR (DMSO-d 6 ) 5 : 2.51 (3H, s), 4.24 (2H, s), 7.10-7.22 (2H, m), 7.30-7.50 (2H, m), 7.69 (1H, s), 8.34 - 8.44 (1H, 
m), 8.80- 8.90 (1H, m). 

Process 7 

10 

[0330] Compound 57 (115 mg, 0.35 mmol) was reacted in a same manner similar to the process 1 of Example 19 
to give compound 58 (80 mg, 0.23 mmol, 65 %) as pale yellow crystals. 

Process 8 

15 

[0331] Compound 58 (80 mg, 0.23 mmol) was reacted in a same manner similar to the process 2 of Example 19 to 
give compound I-75 (19 mg, 0.06 mmol, 24 %) as pale yellow crystals. 
M.p.: 74 - 75 °C Recrystallization solvent: diisopropyl ether 

NMR (CDCI 3 ) 8: 1 .47 (3H, t, J= 7.2 Hz), 2.51 (3H, s), 4.19 (2H, s), 4.48 (2H, dd, J= 7.2, 7.2 Hz), 6.96 - 7.06 (2H, m), 
20 7.14 - 7.22 (2H, m), 7.69 (1H, s), 7.76 - 8.00 (1H, m), 8.84 - 8.90 (1H, m). 
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Example 24 
Compound I-76, I-77 
[0332] 




Process 6 
42 63 



Process 1 

[0333] Potassium carbonate (27.6 g, 200.0 mmol) and methyl iodide (15.6 g, 110 mmol) were added to a solution of 
5,7-dibromo-8-hydroxyquinoline 52 (30.3 g, 100.0 mmol) in DMF (160 ml), and the mixture was stirred for 5 hours at 
room temperature. After water was added to the reaction mixture, precipitated crystals were collected and washed with 
water. The crystals were dissolved in ethyl acetate, dried over magnesium sulfate and treated with active carbon. The 
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solvent was evaporated under reduced pressure to give crude compound 59 (28.3.0 g, 89.3 mmol, 89 %) as colorless 
crystals. 

Process 2 

5 

[0334] 2 M potassium carbonate solution (10 ml, 20 mmol), tetrakis(triphenylphosphine)palladium (0) (350 mg, 0.3 
mmol) and phenylboronic acid (1 .46 g, 12 mmol) were added to a solution of compound 59 (3.17 g, 10 mmol) in toluene 
- methanol (100 ml - 10 ml), and the mixture was stirred for 40 hours at 110 °C. After the reaction mixture was poured 
into ice-water, the whole was stirred for 5 minutes, extracted with toluene, washed with water and dried over magnesium 
io sulfate. Acrude product as a yellow oil obtained by evaporation under reduced pressure was subjected to silica gel 
column chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (4:1 v/v) were 
concentrated under reduced pressure to give compound 60 (2.0 g, 6.4 mmol, 64 %) as colorless crystals. 

Process 3 

15 

[0335] Compound 60 (1.8 g, 5.7 mmol) was reacted in a same manner similar to the process 5 of Example 18 to 
give compound 61 (1.18 g, 4.2 mmol, 74 %) as pale yellow crystals. 

Process 4 

20 

[0336] Compound 61 (860 mg, 3.1 mmol) was reacted in a same manner similar to the process 1 of Example 19 to 
give compound 62 (820 mg, 0.27 mmol, 86 %) as pale yellow crystals. 

Process 5 

25 

[0337] Compound 62 (830 mg, 2.7 mmol) was reacted in a same manner similar to the process 3 of Example 23 to 
give compound 64 (650 mg, 1.68 mmol, 62 %) as pale yellow crystals. 
[0338] Process 6 

[0339] 1,2-Dibromoethane (12 uJ, 0.15 mmol), compound 42 (578 mg, 3 mmol) and chlorotrimethylsilane (12.5 uJ, 
30 0.1 mmol) were added to a suspension of zinc (210 mg, 3.23 mmol) in THF (3 ml), and the mixture was stirred for 20 
minutes and left. The liquid above the precipitated zinc was used as compound 63 for the process 7. 

Process 7 

35 [0340] Palladium acetate (11 mg, 0.05 mmol), triphenylphosphine (26 mg, 0.1 mmol) and a solution of compound 
63 in THF (2 ml) obtained by the process 6 were added to a solution of compound 64 (300 mg, 0.78 mmol) obtained 
by the process 5 in THF (10 ml), and the mixture was stirred for 90 minutes at 60 °C. After cooling, the reaction mixture 
was quenched with sodium hydrogencarbonate solution, extracted with ethyl acetate, washed with water and dried 
over magnesium sulfate. A crude product as a yellow oil obtained by evaporation under reduced pressure was subjected 

40 to silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate 
(3:1 v/v) were concentrated under reduced pressure to give compound 65 (280 mg, 0.67 mmol, 86 %) as a yellow oil. 

Process 8 

45 [0341] Compound 65 (280 mg, 0.67 mmol) was reacted in a same manner similar to the process 2 of Example 19 

to give compound I-76 (91 mg, 0.23 mmol, 34 %) as pale yellow crystals. 

M.p.: 101 - 103 °C Recrystallization solvent: diisopropyl ether 

Elemental analysis for C 2 5H2oFN03(H 2 0) 0 2 

Calcd. (%): C, 74.13; H, 4.85; N, 3.25; F, 4^35. 
50 i Found. (%): C, 73.92; H, 4.85; N, 3.25; F, 4.35. 

NMR (CDCI 3 ) 8: 1.44 (3H, t, J =7.2 Hz), 4.08 (2H, s), 4.48 (2H, dd, J = 7.2, 7.2 Hz), 6.90 - 7.04 (2H, m), 7.05 - 7.14 

(2H, m), 7.38 - 7.50 (5H, m), 7.85 (1H, s), 7.90 - 7.94 (1H, m), 8.80 - 8.84 (1H, m). 

Process 9 

55 

[0342] 4 N Lithium hydroxide solution (0.5 ml, 2 mmol) was added to a solution of compound I-76 (28 mg, 0.067 
mmol) obtained by the process 8 in ethanol (2 ml), and the mixture was stirred for 3 hours at 70 °C. A yellow residue 
obtained by evaporation under reduced pressure was extracted with ethyl acetate, washed with water and dried over 
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sodium sulfate. The light green crystalline residue obtained by evaporation under reduced pressure was washed with 
ethyl acetate to give crude compound I-77 (20 mg, 0.054 mmol, 77 %) as light green crystals. 
M.p.: 221- 224 °C Recrystallization solvent: ethyl acetate 

NMR (DMSO-d 6 ) 8 : 4.20 (2H, s), 7.06 - 7.20 (2H, m), 7.22 - 7.36 (2H, m), 7.38 - 7.56 (5H, m), 7.78 (1H, s), 8.10-8.18 
5 (1H, m), 8.80 -8.12 (1H, m). 

Example 25 

Compound I-78 

w 

[0343] 



is HOOC 




Process 1 

[0344] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (346 mg, 1.8 mmol) and 1-hydroxybenzotria- 
25 zole (237 mg, 1.8 mmol) were added to a suspension of compound 66 (284 mg, 1.5 mmol) in DMF (10 ml), and the 

mixture was stirred for 30 minutes at room temperature. Benzylamine (171 mg, 1.6 mmol) was added dropwise to the 

reaction mixture under ice-cooling, and the whole was stirred for 60 minutes at room temperature. Ice-water was added 

to the reaction mixture and the whole was extracted with ethyl acetate, washed with water and dried over sodium 

sulfate. Removal of solvent under reduced pressure gave a crystalline residue, which was recry stall ized from isopro- 
30 panol to give compound I-78 (160 mg, 0.57 mmol, 38 %) as pale yellow crystals. 

M.p.: 1 25-1 27°C Recrystallization solvent: isopropanol 

Elemental analysis for C 18 H 15 FN 2 0 2 

Calcd. (%): C, 69.67; H, 4.87; N, 9.03; F, 6.12. 

Found. (%): C; 69.35; H, 4.77; N, 9.16; F, 5.99. 
35 NMR (CDCI 3 ) 8: 4.75 (2H, s), 7.25-7.45 (6H, m), 7.50 - 7.58 (1H, m), 8.25 - 8.35 (3H, m), 8.80 - 8.88 (1H, m). 

[0345] Compounds I-79 - 1-82 were synthesized in a same manner similar to Example 25. 



40 



45 




Compound I-79 . 

50 

[0346] M.p.: 155 - 157 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 16 H 12 N 2 0 2 
Calcd. (%): C, 72.72; H, 4.58; N, 10.60. 
Found. (%): C, 72.57; H, 4.43; N, 10.67. 
55 NMR (CDC! 3 ) 8: 7.12 - 7.20 (1H, m), 7.36 - 7.48 (3H, m), 7.56 - 7.60 (1H, m), 7.76 - 7.80 (2H, m), 8.20 - 8.38 (2H, m),. 
8.85 - 8.90 (1H, m), 9.86 - 9.96 (1H, brs).. 
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Compound I-80 

[0347] M.p.: 169 - 171 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 18 H 16 N 2 O 3 (DMF) 0 12 
Calcd. (%): C, 69.34; H, 5.37; N, 9.34. 
Found. (%): C, 69.28; H, 5.18; N, 9.63. 

NMR (DMSO-dfe) 8 : 3.87 (3H, s), 4.56 - 4.6 (2H, m), 6.90 - 7.06 (2H, m), 7.24 - 7.31 (2H. m), 7.42 - 7.48 (1 H, m), 7.64 
- 7.70 (1H, m), 8.05 - 8.10 (1H t m), 8.36 - 8.40 (1H, m), 8.82 - 8.86 (1H, m), 9.20 - 9.30 (1H, m). 

Compound 1-81 

M.p.: 218 - 220 °C Recrystallization solvent: chloroform 

[0348] NMR (DMSO-oy 8 : 4.50 - 4.6 (2H f m), 6.75 - 6.85 (2H, m), 7.26 - 7.30 (2H, m) f 7.40 - 7.48 (1 H, m), 7.62 - 
7.70 (1H, m), 8.05 - 8.10 (1H, m), 8.36 - 8.40 (1H, m), 8.88 - 8.96 (1H t m), 9.48 - 9.28 (1H, m), 9.60 - 9.74 (1H, brs). 

Compound I-82 

[0349] M.p.: 156 - 158 °C Recrystallization solvent: ethyl acetate 

Elemental analysis for C 18 H 15 N 2 0 2 

Calcd. (%): C, 69.67; H, 4.87; N, 9.03; F,6.12. 

Found. (%): C, 69.35; H, 4.77; N, 9.16; F.5.99. 

NMR (CDCI 3 8 : 2.94 - 3.00 (2H, m), 3.74 - 3.83 (2H, m), 6.98 - 7.06 (2H, m), 7.20 - 7.28 (2H, m), 7.38 - 7.40 (1 H, m), 

7.50 - 7.56 (1 H, m), 7.84 - 7.94 (1 H, brs), 8.12 - 8.20 (2H, m), 8.80-8.86 (1 H, m). 

[0350] Compounds I-83 - 1-104 were synthesized in a same manner similar to Example 10. 
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10 



20 



25 



30 



35 



40 



5 y N"N OH 

H 

I-83 ~ 1-104 



■83:R 2 = -0-0-F ,R 5 = -C-(>-F 

H2 "2 

■84:R 2 =-C-Q^F .R S = Et 

-85: R 2 = "C-0~ F ' RS = CH < CH 3>2 
H2 

-86: R 2 = MsR s = -C-0 



87: R 2 = Me, R = 



88: R 2 = Me, R 5 = -C-Q>~ CF3 
H 2 

I-89: R 2 = -O ' R " = -S"0- F 

2 

90: R 2 = Me, R 5 = -C~0 
H 2 

1-91 : R 2 = Me, R 5 =-C"C^O 
H 2 

U92:R 2 = H,R 5 = -C-^-F 
H 2 

I-93: R 2 = CF a R 5 =~^-0~ F 
H 2 



•94: R = Me 



95: R 2 = Me 



96: R 2 = Me 



IP 

• R5=-c- 0~ Me 



,R 5 = 



. 97: R 2 = Ms , R S =-C-Cj 

H 2 

-98:R 2 = Et .R 5 =-C-0- F 

n 2 

. 99: R 2 = n-propyl . R 5 = "^^T^^ 

H 2 

-1 OOR 2 = isobutyi . R 5 = -C^O^ F 

H 2 

1 01 P 2 = isopropyl . R 5 = " c " - ^^ — F 

H 2 

I-102B 2 = CH 2 C0 2 Et , R 5 = -<>0~ F 

2 _ 

•103B 2 = CH 2 CH 2 C0 2 Et , R 5 =-C^Q^F 

.1 04R 2 = CH 2 CH 2 C0 2 H ■ R 5 = -C^O^ F 

H 2 



Compound I-83 

[0351] M.p.: 220 - 224 °C Recrystallization solvent: ethanol 
45 Elemental analysis for C 2 3H 16 N 4 0 2 . 2H 2 0 

Calcd. (%): C, 60.79; H, 4.44; N, 12.33; F, 8.36. 
Found. (%): C, 60.33; H, 3.66; N, 12.02; F, 8.04. 

NMR (DMSO-d 6 ) 6: 4.35 (2H, s), 4.40 (2H, s), 7.17 - 7.24 (4H, m), 7.26 (1H, d, J= 8.7 Hz), 7.42 - 7.48 (4H, m), 7.64 
(1H, d, J=8.4 Hz). 

50 

Compound I-84 

[0352] M.p.: 253 - 258 °C Recrystallization solvent:ethanol 
Elemental analysis for C 18 H 15 FN 4 0 2 . 
55 Calcd. (%): C, 63.90; H, 4.47; F, 5.62; N, 16.56. 
Found. (%): C, 47.67; H, 4.18; F, 5.21; N, 12.31. 

NMR (DMSO-d 6 ) 5: 1.08 (3H, t, J= 7.5 Hz), 2.24 (2H, q, J= 7.5 Hz), 4.43 (2H, s), 7.21 (1H, d, J= 8.7 Hz), 7.24 (2H, 
d, J= 8.7 Hz), 7.48 (2H, dd, J= 8.7, 5.4 Hz), 7.93 (1H, d, J= 8.7 Hz). 
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Compound I-85 

[0353] M.p.: 242 - 246 °C Recrystallization solvent: isopropanol 
Elemental analysis for C 19 H 17 FN 4 0 2 . 0.5H 2 O 
5 Calcd. (%): C, 63.15; H, 5.02; F, 5.26; N, 15.50. 
Found. (%): C, 63.27; H, 4.85; F, 5.14; N, 15.36. 

NMR (DMSO-cfe) 8: 1.38(6H, d, J= 6.9 Hz), 3.30 (1H, quint, J= 6.9 Hz), 4.27 (2H, s), 7.17 (1H, d, J= 8.7 Hz), 7.20 
(2H, dd, J= 8.7, 1.2 Hz), 7.42 (2H, dd, J= 9.0, 5.7 Hz), 7.61 (1H, d, J= 8.7 Hz). 

10 Compound I-86 

[0354] M.p.: 239 - 241 °C Recrystallization solvent: diisopropyl ether 
Elemental analysis for C 17 H 13 FN 4 O 2 .(H 2 O) 0 3 
Calcd. (%): C, 61.93; H, 4.16; N, 16.99; F, 5.76. 
15 Found. (%): C, 61.94; H, 3.91; N, 16.85; F, 5.67 

NMR (DMSO-cfe) 6: 2.50 (3H, s), 4.40 (2H, s), 7.05 (1H, d, J= 7.2 Hz), 7.18 - 7.29 (2H, m), 7.36 - 7.51 (3H, m), 12.51 
(1H,br). 

Compound I-87 

20 

[0355] M.p.: 283 - 284 °C Recrystallization solvent: methanol 
Elemental analysis for C 17 H 13 FN 4 O2(H 2 O) 0 2 
Calcd. (%): C, 62.27; H, 4.12; N, 17.09; F, 5.79. 
Found. (%): C, 62.14; H, 3.85; N, 17.02; F, 5.67 
25 NMR (DMSO-cfe) 5: 2.51 (3H, s), 4.43 (2H, s), 7.09 - 7.1 9 (2H, m), 7.24 - 7.31 (2H, m), 7.40 - 7.49 (2H, m), 12.61 (1 H, br). 

Compound I-88 

[0356] M.p.: 275 - 276 °C Recrystallization solvent: methanol 
30 Elemental analysis for C 18 H 13 F3N 4 0 2 

Calcd. (%): C, 57.76; H, 3.50; N, 14.97; F, 15.23 
Found. (%): C, 57.71; H, 3.27; N, 15.00; F, 15.31 

NMR (DMSO-cfe) 5: 2.51 (3H, s), 4.52 (2H, s), 7.05 (1H, d, J= 8.4 Hz), 7.48 (1H, d, J= 8.4 Hz), 7.65 (2H, d, J= 8.1 
Hz), 7.76 (2H, d, J= 8.1 Hz), 12.53 (1H, s). 

35 

Compound I-89 

[0357] M.p.: 294 - 298 °C Recrystallization solvent : isopropanol 
Elemental analysis for C 22 H 14 F 2 N 4 0 2 . 
40 Calcd. (%): C, 65.35; H, 3.49; F, 9.40; N, 13.86. 
Found. (%): C, 54.37; H, 3.46; F, 8.40; N, 10.91. 

NMR (DMSO-cfe) 5: 4.42 (2H, s), 7.19 - 7.25 (2H, m), 7.31 (1H, d, J= 8.7 Hz), 7.45 - 7.52 (4H, m), 7.63 (1H, d, J= 8.4 
Hz), 8.29 (2H, dd, J= 9.0, 5.4 Hz). 

45 Compound I-90 

[0358] M.p.: 252 - 254 °C Recrystallization solvent: ethanol 
Elemental analysis for: C 17 H 20 N 4 O 2 .(H 2 O) 0 3 
Calcd. (%): C, 64.25; H, 6.53; N, 17.63. 
50 Found. (%): C, 64.02; H, 6.14; N, 17.53. 

NMR (CD 3 OD) 8: 1.06 -1.36 (5H, m), 1.67 -1.96 (6H, m), 2.86 (2H, d, J= 6.9 Hz), 4.91 (3H, s), 7.14 (1H, d, J= 8.4 
Hz), 7.57 (1H, d, J =8.4 Hz). 

Compound 1-91 

55 

[0359] M.p.: 212 - 214 °C Recrystallization solvent : methanol 
Elemental analysis for C 17 H 14 N 4 O 3 .(H 2 O) 0 4 
Caled. (%): C, 61 .93; H, 4.53; N, 17.00. 
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Found. (%): C, 61.66; H, 4.10; N, 16.89. 

NMR (CD 3 OD) 8: 2.53 (3H, s), 5.41 (2H, s), 6.99 - 7.04 (1H, m), 7.08 - 7.15 (3H, m), 7.30 - 7.35 (2H, m), 7.58 (1H, d, 
J =8.7 Hz). 

5 Compound I-92 

[0360] M.p.: 249 - 252 °C Recrystallization solvent: methanol - acetonitrile - water 
Elemental analysis for C 16 H 11 FN 4 0 2 
Calcd. (%): C, 61.93; H, 3.57; N, 18.06; F, 6.12. 
10 Found. (%): C, 61.58; H, 3.61; N, 18.04; F, 6.01. 

NMR (DMSO-d 6 ) 8 : 4.40 (2H, s), 7.22 (2H, m), 7.30 (1H, d, J= 8.4 Hz), 7.47 (2H, m), 7.63 (1H, d, J= 8.4 Hz), 8.68 
(1H, s), 10.85 (1H, brs). 
IR (KBr) : 3427, 1639 cm- 1 . 

15 Compound I-93 

[0361] M.p.: 279 - 281 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 17 H 10 F 4 N 4 O2 
Calcd. (%): C, 53.98; H, 2.66; N, 14.81; F, 20.09. 
20 Found. (%): C, 53.93; H, 2.57; N, 14.83; F, 19.80. 

NMR (DMSO-oy 8: 4.40 (2H, s), 7.21 (2H, m), 7.29 (1H, d, J= 8.4 Hz), 7.46 (2H, m), 7.73 (1H, d, J= 8.4 Hz), 11.09 
(1H, brs), 14.36 (1H, brs). 
I R (KBr) : 3400, 1644 cnr 1 . 

25 Compound I-94 

[0362] M.p.: 119-121 °C Recrystallization solvent: ethanol 
Elemental analysis for C 18 H 16 N 4 0 2 
Calcd. (%): C, 67.49; H, 5.03; N, 17.49. 
30 Found. (%): C, 63.81; H, 5.49; N, 15.71. 

NMR (DMSO-d 6 ) 8: 2.36 (3H, s), 2.50 (3H, s), 4.35 (2H, s), 7.06 (2H, m), 7.21 (2H, m), 7.29 (1H, m), 7.43 (1H, m), 
12.58 (1H, brs). 

Compound I-95 

35 

[0363] M.p.: 222 - 224 °C Recrystallization solvent:, ethanol 
Elemental analysis for C 18 H 16 N 4 0 2 
Calcd. (%): C, 67.49; H, 5.03; N, 17.49. 
Found. (%): C, 66.77; H, 4.95; N, 17.28. 
40 NMR (DMSO-cfe) 8: 2.30 (3H, s), 2.51 (3H, s), 4.32 (2H, s), 7.16 (5H, m), 7.45 (1H, d, J= 7.8 Hz), 12.50 (1H, brs). 

Compound I-96 

[0364] M.p.: 257 - 259 °C Recrystallization solvent: ethanol 
45 Elemental analysis for C 18 H 16 N 4 0 2 

Calcd. (%): C, 67.49; H, 5.03; N, 17.49. 
Found. (%): C, 66.27; H, 4.86; N, 17.17. 

NMR (DMSO-c/ 6 ) 8: 2.29 (3H, s), 2.51 (3H, s), 4.32 (2H, s), 7.05 (1H, d, J=7.7 Hz), 7.18 (2H, d, J= 7.8 Hz), 7.44 (1H, 
d, J = 8.1 Hz), 7.18 (2H, d, J= 7.8 Hz), 12.52 (1H, brs). 

so 

Compound I-97 

[0365] M.p.: 250 - 252 °C Recrystallization solvent: methanol 
Elemental analysis for C 15 H 12 N 4 0 2 S 
55 Calcd. (%): C, 57.68; H, 3.87; N, 17.94; S, 10.27. 
Found. (%): C, 57.54; H, 3.76; N, 17.79; S, 10.19. 

NMR (CD3OD) 8: 2.57 (3H, s), 4.37 (2H, s), 7.10 (1H, brs), 7.13 - 7.15 (1H, m), 7.37 - 7.38 (1H, m), 7.42 - 7.35 (1H, 
m),7.53(1H, d, J =8.4 Hz). 
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Compound I-98 

[0366] M.p.: 202 - 205 °C Recrystallization solvent: ethanol 
Elemental analysis for C 18 H 15 FN 4 0 2 
5 Calcd. (%): C, 63.90; H, 4.47; N, 16.56; F, 5.62. 
Found. (%): C, 64.08; H, 4.08; N, 16.55; F, 5.59. 

NMR (CDCI 3 ) 8: 1 .47 (3H, t, J = 7.6 Hz), 3.00 (2H, q, J = 7.6 Hz), 4.28 (2H, s), 7.06 (2H, m), 7.23 (1 H, d, J = 8.5 Hz), 
7.35 (2H, m), 7.51 (1H, d, J= 8.5 Hz). 

10 Compound I-99 

[0367] M.p.: 214 - 216 °C Recrystallization solvent : ethanol 
Elemental analysis for C ie H 15 FN 4 0 2 
Calcd. (%): C, 64.76; H, 4.86; N, 15.90; F, 5.39. 
15 Found. (%): C, 62.76; H, 4.55; N, 15.34; F, 5.17. 

NMR (CDCI3) 8: 1.04 (3H, t, J= 7.4 Hz), 1.91 (2H, m, J= 7.5 Hz), 2.93(2H, t, J= 7.6 Hz),4.27 (2H, s), 7:06 (2H, m), 

7.22 (1H, d, J= 8.4 Hz), 7.35 (2H, m), 7.50 (1H, d, J= 8.6 Hz). 

Compound 1-100 

20 

[0368] M.p.: 224 - 226 °C Recrystallization solvent: ethanol 
Elemental analysis for C25H 19 FN 4 0 2 
Calcd. (%): C, 65.56; H, 5.23; N, 15.29; F, 5.19. 
Found. (%): C, 65.49; H, 5.08; N, 15.20; F, 5.18. 
25 NMR (CDCI3) 8: 1.02 (6H, d, J= 6.7 Hz), 2.26 (1H, m, J= 6.7 Hz), 2.82 (2H, d, J= 7.3 Hz),4.28 (2H, s), 7.07 (2H, m), 

7.23 (1H, d, J= 8.5 Hz), 7.36 (2H, m), 7.51 (1 H, d, J = 8.5 Hz). 

Compound 1-101 

30 [0369] M.p.: 221 - 223 °C Recrystallization solvent: ethanol 
Elemental analysis for C2oH 19 FN 4 02 
Calcd. (%): C, 64.76; H, 4.86; N, 15.90; F, 5.39. 
Found. (%): C, 64.68; H, 4.70; N, 15.87; F, 5.26. 

NMR (CDCI3 8 :1 .48 (6H, d, J = 7.0 Hz), 3.28 (1 H, m, J = 7.0 Hz), 4.28 (2H, s), 7.07 (2H, m), 7.24 (1 H, d, J = 8.9 Hz), 
35 7.36 (2H, m), 7.51 (1H, dd, J= 8.5, 0.6 Hz). 

Compound 1-102 

[0370] M.p.: 98 -100 °C Recrystallization solvent: ethanol 
40 Elemental analysis for C 20 H 17 FN 4 O 4 

Calcd. (%): C, 60.60; H, 4.32; N, 14.13; F, 4.79. 
Found. (%): C, 59.53; H, 4.19; N, 13.63; F, 4.68. 

NMR (CDCI 3 )8: 1.34 (3H, t, J= 7.1 Hz), 4.12(2H, s), 4.28 (2H, s), 4.29 (2H, q, J=7.2 Hz), 7.07 (2H, m), 7.20 (1H, d, 
J= 9.5 Hz), 7.36 (2H, m), 7.54 (1H, d, J= 9.5 Hz). 

45 

Compound 1-103 

[0371] M.p.: 179 - 181 °C Recrystallization solvent: ethanol 
Elemental analysis for C 21 H 19 FN 4 0 4 
50 Calcd. (%): C, 61.46; H, 4.67; N, 13.65; F, 4.63. 
Found. (%): C, 60.98; H, 4.44; N, 13.49; F, 4.51. 

NMR (CDCI3) 8: 1.27 (3H, t, J= 7.2 Hz), 2.91 (2H, m), 3.26 (2H, m), 4.20 (2H, q, J= 7.2 Hz), 4.27(2H, s), 7.07 (2H, 
m), 7.18 (1H, d, J= 8.5 Hz), 7.36 (2H, m), 7.51 (1H, d, J= 8.5 Hz). 

55 Compound 1-104 

[0372] Elemental analysis for C 19 H 15 FN 4 0 4 
Calcd. (%): C, 59.69; H, 3.95; N, 14.65; F, 4.97. 
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Found. (%): C, 58.72; H, 3.73; N, 14.33; F, 4.78. 

NMR (CDCI 3 ) 8: 2.92 (2H, t, J= 7.4 Hz), 3.21 (2H, t, J= 7.4 Hz), 4.31 (2H, s), 7.08 (2H, m), 7.17 (1H, d, J= 8.8 Hz), 
7.40 (2H, m), 7.52 (1H, dd, J= 8.4, 0.7 Hz). 

5 Example 26 

Compound 1-105 

[0373] 



15 



20 



25 




Process 1 

[0374] Sodium hydride (60 %, 68 mg, 1 .70 mmol) and 4-f luorobenzylbromide (31 9 mg, 1 .70 mmo!) were added to a 
35 solution of compound 67 (440 mg, 1 .30 mmol) in THF (4 ml) -DMF (1 ml) under ice-cooling, and the mixture was stirred 
for 1 hour under ice-cooling and for 3 hours at room temperature. The reaction mixture was quenched with water and 
extracted with ethyl acetate. The organic layer was separated, washed with water and dried over sodium sulfate. A 
crude product obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. 
The fractions containing desired compound eluted with ethyl acetate were concentrated under reduced pressure. 
40 The crystalline residue was recrystallized from ethyl acetate. Compound 68 (191 mg, 0.430 mmol, 33 %) as colorless 
crystals. 

NMR (CDCI 3 ) 6: 2.57 (3H, s), 4.26(2H, s), 4.41 (3H, s), 5.28 (2H, s), 6.94 (1H, d, J = 8.4 Hz), 7.01-7.06 (6H, m), 7.36 
(2H, dd, J = 9.0, 5.7 Hz), 7.71 (1 H, d, J = 8.4 Hz). 

45 Process 2 

[0375] Compound 1-105 was synthesized in a same manner similar to the process 1 of Example 4. 
M.p.: 244 - 246 °C Recrystallization solvent : methanol 
Elemental analysis for C24H 18 F 2 N 4 0 2 . 
50 Calcd. (%): C, 66.66; H, 4.20; F, 8.79; N, 12.96. 
Found. (%): C, 66.57; H, 4.13; F, 8.57; N, 12.92. 

NMR (DMSO-d 6 ) 6: 2.53 (3H, s), 4.37 (2H, s), 5.48 (2H,s), 7.13 - 7.20 (6H, m), 7.21 (1H, d, J= 9.0 Hz), 7.44 (2H, dd, 
J= 8.7, 5.4 Hz), 7.52 (1H, d, J- 8.7 Hz). 

[0376] Compounds 1-106- 1-121 were synthesized in a same manner similar to Example 26. 
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N-N OH 




1-106 ~ 1-121 



1-1 06: R 1 
1-1 07: R 1 
1-1 08: R 1 
1-1 09: R 1 
l-110:R 1 
1-1 11:R 1 
1-1 1 2: R 1 
1-1 13: R 1 



n-propyl 1-1 14: R 

isopropyl 1-1 15: R 

Me 1-1 16: R 1 

CH 2 OEt 1-1 17: R 1 

isobutyl 1-1 18: R 1 

CH 2 CH 2 CH 2 C0 2 Et 1-1 19: R 1 
CH 2 CH 2 CH 2 C0 2 H 





CH 2 C0 2 H 

CH 2 CONH 2 

CH 2 CONHEt 

CH 2 CH 2 CH 2 CONH 2 

CH2CH2CH20CH2CH=CH2 

CH 2 CH 2 CH 2 OH 




CONMe 2 O 



Compound 1-106 

[0377] M.p.: 165 - 166 °C Recrystallization solvent : ethanol - diethyl ether 

Elemental analysis for C2oH 19 FN 4 0 2 

Calcd. (%): C, 65.56; H, 5.23; F, 5.19; N, 15.29. 

Found. (%): C, 65.70; H, 5.19; F, 5.05; N, 15.27. 

NMR (DMSO-cfe) 5: 0.87 (3H, t, J= 7.4 Hz), 1.73 (2H, sextet, J= 7.2 Hz), 2.58 (3H, s), 4.14 (2H, t, J = 7.2 Hz), 4.37 
(2H, s), 7.16 (1H, d, J= 8.4 Hz), 7.17 - 7.23 (2H, m), 7.45 (2H, dd, J= 8.7, 5.4 Hz), 7.52 (1H, d, J= 8.7 Hz). 

Compound 1-107 

[0378] M.p.: 177 - 178 °C Recrystallization solvent : ethyl acetate - hexanhexane 

Elemental analysis for C2oH 19 FN 4 02 

Calcd. (%): C, 65.56; H, 5.23; F, 5.19; N, 15.29. 

Found. (%): C, 65.59; H, 5.19; F, 4.96; N, 15.22. 

NMR (DMSO-dfc) 5: 1.55 (6H, d, J = 6.9 Hz), 2.58 (3H, s), 4.37 (2H, s), 4.74 (1H, quint, J= 6.9 Hz), 7.17 - 7.23 (2H, 
m), 7.29 (1H, d, J = 8.7 Hz), 7.48 (2H, dd, J = 8.4, 5.4 Hz), 7.48 (1H, d, J= 8.4 Hz). 

Compound 1-108 

[0379] M.p.: 240 - 243 °C Recrystallization solvent : ethanol 

Elemental analysis for C 18 H 15 FN 4 0 2 

Calcd. (%): C, 63.90; H, 4.47; F, 5.62; N, 16.56. 

Found. (%): C, 63.63; H, 4.50; F, 5.46; N, 16.33. 

NMR (DMSO-Gfe) 6: 2.54 (3H, s), 3.73 (3H, s), 4.37 (2H, s), 7.14 (1H, d, J= 8.4 Hz), 7.17 -7.23 (2H, m), 7.45 (2H, dd, 
J= 9.0, 5.4 Hz), 7.53 (1H, d, J= 8. 4 Hz). 

Compound 1-109 

[0380] M.p.: 195 -197 °C Recrystallization solvent : ethyl acetate 
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Elemental analysis for C2oH 19 FN 4 0 3 

Calcd. (%): C, 62.82; H, 5.01; F, 4.97; N, 14.65. 

Found. (%): C, 62.64; H, 5.00; F, 4.83; N, 14.52. 

NMR (CDCI 3 ) 8: 1.17 (3H, t, J = 7.0 Hz), 2.68 (3H, s), 3.46 (2H, q, J = 7.0 Hz), 4.37 (2H, s), 5.47 (2H, s), 7.01 (1H, d, 
5 J = 8.7 Hz), 7.03 - 7.09 (2H, m), 7.35 (2H, dd, J = 8.7, 5.4 Hz), 7.53 (1 H, d, J = 8.7 Hz). 

Compound 1-110 

[0381] M.p.: 203 - 205 °C Recrystallization solvent : ethyl acetate 
10 Elemental analysis for C 21 H 21 FN 4 O 2 .0.5H 2 O 

Calcd. (%): C, 65.07; H, 5.67; F, 4.90; N, 14.45. 
Found. (%): C, 65.06; H, 5.52; F, 4.69; N, 14.42. 

NMR (CDCI3) 8: 0.96 (6H, d, J = 6.6 Hz), 2.20 (1H, m), 2.62 (3H, s), 3.88 (2H, d, J = 7.5 Hz), 4.37 (2H, s), 6.87 (1H, 
d, J = 8.4 Hz), 7.03 - 7.09 (2H, m), 7.35 (2H, dd, J = 8.7, 5.4 Hz), 7.49 (1H, 6,J = 8.4 Hz). 

15 

Compound 1=111 

[0382] M.p.: 154 -156 °C Recrystallization solvent : ethanol 
Elemental analysis for C 2 3H 23 FN 4 04.1 .1 H 2 0 
20 Calcd. (%): C, 60:28; H, 5.54; F, 4.15; N, 12.23. 
Found. (%): C, 59.97; H, 5.08; F, 4.37; N, 12.10. 

NMR (CDCI3) 8: 1.26 (3H, t, J = 7.0 Hz), 2.10 (2H, quint, J = 7.1 Hz), 2.36 (2H, t, J = 6.7 Hz), 2.62 (3H, s), 4.15 (2H, 
q, J = 7.2 Hz), 4.17 (2H, t, J = 7.4 Hz), 4.27 (2H, s), 6.94 (1H, d, J = 8.7 Hz), 7.03 - 7.09 (2H, m), 7.34 (2H, dd, J = 8.7, 
5.4 Hz), 7.51 (1H, d, J = 8.7 Hz). 

25 

Compound 1-112 

[0383] M.p.: 219 - 221 °C Recrystallization solvent : methanol 
Elemental analysis for C 21 H 19 FN 4 0 4 . 
30 Calcd. (%): C, 61.46; H, 4.67; F, 4.63; N, 13.65. 
Found. (%): C, 61.38; H, 4.57;. F, 4.43; N, 13.59. 

NMR (DMSO-d 6 ) 8: 1.92 (2H, quint, J = 7.3 Hz), 2.30 (2H, t, J= 7.2 Hz), 2.55 (3H, s), 4.19 (2H, t, J= 7.3 Hz), 4.37 
(2H, s), 7.17 (1H, d, J= 8.4 Hz), 7.17 - 7.23 (2H, m), 7.45 (2H, dd, J = 8.7, 5.4 Hz), 7.53 (1H, d, J = 8.7 Hz). 

35 Compound 1-113 

[0384] M.p.: 246 - 248 °C Recrystallization solvent : methanol 
Elemental analysis for C 21 H 19 FN 4 0 4 . 
Calcd. (%): C, 61.46; H, 4.67; F, 4.63; N, 13.65. 
40 Found. (%): C, 61.26; H,. 4.58; F, 4.45; N, 13.52. 

NMR (DMSO-d 6 ) 8: 1.22 (3H, t, J = 7.2 Hz), 2.51 (3H, s), 4.18 (2H, q, J = 7.1 Hz), 4.37 (2H, s), 5.21 (2H, s), 7.14 (1H, 
d, J = 8.7 Hz), 7.17 - 7.23 (2H, m), 7.45 (2H, dd, J = 8.7, 5.4 Hz), 7.53 (1 H, d, J = 8.4 Hz). 

Compound 1-114 

45 

[0385] M.p.: 291 - 292 °C Recrystallization solvent: methanol 
Elemental analysis for C 19 H 15 FN 4 0 4 .1.4H 2 0 
Calcd. (%): C, 55.99; H, 4.40; F, 4.66; N, 13.75. 
Found. (%): C, 55.69; H, 4.10; F, 4.45; N, 13.49. 
50 NMR (DMSO-dfe) 8: 2.48 (3H, s), 4.37 (2H, s), 5.09 (2H, s), 7.14 (1H, d, J= 8.7 Hz), 7.17 -7.23 (2H, m), 7.45 (2H, dd, 
J = 8.7, 5.4 Hz), 7.52 (1H, d, J= 8.7 Hz). 

Compound 1-115 

55 [0386] M.p.: 292 - 297 °C Recrystallization solvent : ethanol 
Elemental analysis for C 19 H 16 FN 5 O 3 .1.0H 2 O. 
Calcd. (%): C p 57.14; H, 4.54; F, 4.76; N, 17.54. 
Found. (%): C, 56.99; H, 4.22; F, 5.04; N, 17.49. 
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NMR (DMSO-cfe) 5: 2.48 (3H, s), 4.37 (2H, s), 4.84 (2H, s), 7.06 (1H, d, J= 8.7 Hz), 7.17 - 7.23 (2H, m), 7.40 (1H, brs), 
7.45 (2H, dd, J= 8.7, 5.4 Hz), 7.52 (1H, d, J= 8.7 Hz), 7.78 (1H, brs). 



Compound 1-116 

5 

[0387] M.p.: 292 - 295 °C Recrystallization solvent: ethanol 
Elemental analysis for C 21 H 20 FN 5 O 3 .0.8H 2 O 
Calcd. (%): C, 59.51; H, 5.14; F, 4.48; N, 16.52. 
Found. (%): C, 59.56; H, 4.73; F, 4.31; N, 16.69. 
10 NMR (DMSO-d 6 ) 8: 1.04 (3H, t, J = 7.2 Hz), 2.48 (3H, s), 3.07 - 3.16 (2H, m), 4.37 (2H, s), 4.83 (2H, s), 7.05 (1H, d, 
J = 8.4 Hz), 7.17 - 7.23 (2H, m), 7.45 (2H, dd, J = 8.7, 5.4 Hz), 7.52 (1H, d, J = 8.7 Hz), 8.35 (1H, t, J = 5.3 Hz). 

Compound 1-117 

15 [0388] M.p.: 270 - 272 °C Recrystallization solvent: methanol 
Elemental analysis for C 21 H 20 FN 5 O 3 .0.2H 2 O 
Calcd. (%): C, 61.07; H, 4.98; F, 4.60; N, 16.96. 
Found. (%): C, 61.15; H, 4.87; F, 4.44; N, 16.74. 

NMR (DMSO-cfe) 8: 1.91 (2H, quint, J=6.9 Hz), 2.11 (2H, t, J= 7.2 Hz), 2.56 (3H, s), 4.17 (2H, t, J = 7.2 Hz), 4. 37 
20 (2H, s), 6.81 (1 H, brs), 7.17 (1 H, d, J= 8.4 Hz), 7.17 - 7.23 (2H, m), 7.45 (2H; dd, J= 8.7, 5.7 Hz), 7.52 (1 H, d, J= 8.4 Hz). 

Compound 1-118 

[0389] M.p.: 128 - 130 °C Recrystallization solvent : ethanol - diethyl ether 
25 Elemental analysis for C 2 3H 23 FN 4 03. 

Calcd. (%): C, 65.39; H, 5.49; F, 4.50; N, 13.26. 
Found. (%): C, 65.36; H, 5.34; F, 4.38; N, 13.19. 

NMR (CDCI 3 ) 8: 2.06 (2H, quint, J= 6.1 Hz), 2.64 (3H, s), 3.33 (2H, t, J = 5.6 Hz), 3:92 -3.95 (2H, m), 4.25 (2H, t, J = 
6.6 Hz), 4.27 (2H, s), 5.19 - 5.32 (2H, m), 5.87 - 5.97 (1H, m), 6.93 (1H, d, J = 8.4 Hz), 7.03 - 7.08 (2H, m), 7.35 (2H, 
30 dd, J = 8.7, 5.7 Hz), 7.50 (1H, d, J= 8.7 Hz). 

Compound 1-119 

[0390] M.p.: 146-148°C Recrystallization solvent: ethanol 
35 Elemental analysis for C 20 H 19 FN 4 O 3 . 1 .2H 2 0 

Calcd. (%): C, 59.46; H, 5.34; F, 4.70; N, 13.87. 
Found. (%): C, 59.69; H, 5.45; F, 4.66; N, 12.92. 

NMR (CDCI 3 ) 8: 2.04 (2H, quint, J = 6.2 Hz), 2.66 (3H, s), 3.64 (2H, t, J = 5.7 Hz), 4.27 (2H, s), 4.28 (2H, t, J = 6.6 
Hz), 6.97 (1 H, d, J = 8.4 Hz), 7.03 - 7.08 (2H, m), 7.35 (2H, dd, J = 8.7, 5.4 Hz), 7.51 (1 H, d, J = 8.7 Hz). 

40 

Compound 1-120 

[0391] M.p.: 246 - 247 °C Recrystallization solvent: methanol 
Elemental analysis for C 28 H 22 FN 5 0 4 
45 Calcd. (%): C, 65.75; H, 4.34; F, 3.71; N, 13.69. 
Found. (%): C, 65.66; H, 4.34; F, 3.69; N, 13.69. 

NMR (DMSO-d 6 8 : 2.08 (2H, quint, J= 6.9 Hz), 2.55 (3H, s), 3.66 (2H, t, J= 7,1 Hz), 4.29 (2H, t, J= 7.2 Hz), 4.37 
(2H, s), 7.17 - 7.23 (2H, m), 7.19 (1H, d, J= 8.7 Hz), 7.45 (2H, dd, J= 8.7, 5.4 Hz), 7.50 (1H, d, J= 8.7 Hz), 7.78 - 
7.85 (4H, m). 

50 

Compound 1-121 

[0392] M.p.: 245 - 249 °C Recrystallization solvent: ethanol - ethyl acetate 

NMR (CDCI3 - CD3OD) 8 : 2.67 (3H, s), 2.82 - 3.35 (6H, brs), 4.29 (2H, s), 6.88 (1H, d, J= 8.7 Hz), 7.03 - 7.09 (2H, 
55 m), 7.45 (2H, dd, J = 8.7, 5.4 Hz), 7.59 (1 H, d, J = 8.7 Hz). 
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Example 27 



Compound 1-122 



[0393] 



OMe 

Me0 2 Cy^s_N 



O OMe 



v > — 



Process 1 



H 2 NHN'Y^ 




N 
H 



Process 2 



H 



69 



70 




Process 3 




71 



Process 1 



[0394] Hydrazine monohydrate (16.3 ml) was added to a solution of compound 69 (5.97 g, 27.1 mmol) in ethanol 
(81 ml), and the mixture was refluxed for 2 hours. Hydrazine monohydrate (16.3 ml) was added to the reaction mixture 
and refluxed for 3 hours. Removal of solvent under reduced pressure gave a dark brown crystalline residue, which 
was washed with isopropanol to give compound 70 (5.28 g, 24.0 mmol, 88 %) as pale brown crystals. 
NMR (DMSO-d 6 ) 8: 2.49 (3H, s), 4.36 (3H, s), 4.49 (2H, brs), 7.11 (1H, d, J = 8.4 Hz), 7.59 (1H, d, J = 8.4 Hz), 9.14 
(1H, brs), 12.45 (1H, brs). 



[0395] Phenyl isothiocyanate (92 mg, 0.681 mmol) was added to a solution of compound 70 (150 mg, 0.681 mmol) 
in toluene (3 ml) - THF (3 ml) - DMF (3 ml), and the mixture was stirred for 30 minutes at 80 °C. Dicyclohexylcarbodiimide 
(1 55 mg, 0.749 mmol) was added to the reaction mixture and the whole was stirred for 1 6 hours at 80 °C. The reaction 
mixture was quenched with water and extracted with ethyl acetate. The organic layer was separated, washed with 
water and brine, and dried over sodium sulfate. A crude product obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography. The fractions containing desired compound eluted with chloroform - 
methanol (9: 1 v/v) were concentrated under reduced pressure. The crystalline residue was recrystallized from isopro- 
panol to give compound 71 (143 mg, 0.445 mmol, 65 %) as colorless crystals. 
M.p.: 231.5 - 233 °C Recrystallization solvent: isopropanol 
Elemental analysis for C 17 H 15 N 5 0 2 
Calcd. (%): C, 63.54; H, 4.71; N, 21.79. 
Found. (%): C, 63.18; H, 4.67; N, 21.35. 

NMR (DMSO-d 6 ) 8: 2.53 (3H, s), 4.32 (3H, brs), 6.98-7.03 (1H, m), 7.24 (1H, brs), 7.34 - 7.39 (2H, m), 7.51 (1H, d, J 
= 8.7 Hz), 7.63 (2H, d, J = 8.7 Hz), 10.57 (1H, brs), 12.65 (1H, brs). 



[0396] Compound 1-122 (75 mg, 0.244 mmol) was synthesized as colorless crystals from compound 71 (358 mg, 
1.11 mmol, 22 %) in a same manner similar to the process 1 of Example 4. 
M.p.: >300 °C Recrystallization solvent: methanol 
Elemental analysis for C 16 H 13 N 5 02.(H 2 0)o.5 



Process 2 



Process 3 
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Calcd. (%): C, 60.75; H, 4.46; N, 22.14. 
Found. (%): C, 60.55; H, 4.49; N, 21.77. 

NMR (CD 3 OD) 5: 2.61 (3H, s), 7.05 - 7.16 (2H, m), 7.36 - 7.41 (2H, m), 7.50 - 7.58 (3H, m). 
[0397] Compound 1-123 was synthesized in a same manner similar to Example 27. 



Compound 1-123 

20 

[0398] M.p.: >300 °C Recrystaliization solvent: methanol 
Elemental analysis for C 16 H 12 NF 5 0 2 .(H 2 0) 1 0 
Calcd. (%): C, 55.98; H, 4.11; N, 20.40; F, 5.53. 
Found. (%): C, 56.01; H, 4.23; N, 20.16; F, 5.31. 
25 NMR (DMSO-d 6 ) 5: 2.57 (3H, s), 7.18 - 7.26 (3H, m), 7.47 (1H, d, J= 8.4 Hz), 7.62 - 7.67 (2H, m), 10.81 (1H, brs). 



35 



40 



45 
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Example 28 
Compound 1-124 
[0399] 




1-124 



Process 1 

[0400] A solution of tri-terf-butylphosphine (133 mg, 0.605 mmol) in dioxane (6 ml) and tributylvinylstannane (3.15 
ml, 10.5 mmol) were added to a suspension of compound 72 (3.03 g, 10.0 mmol), cesium fluoride (3.45 g, 22.7 mmol) 
and tris(dibenzylidene acetonejdipalladium (0) (137 mg, 0.150 mmol) in dioxane (6 ml) at room temperature, and the 
mixture was stirred for 24 hours at 100 °C. The reaction mixture was filtered through silica gel and a remained residue 
was washed with ethyl acetate. A crude product obtained by evaporation under reduced pressure was subjected to 
silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (2:1 
v/v) were concentrated under reduced pressure to give compound 73 (419 mg, 14 %) as yellow crystals. 
NMR (CDCI 3 ) 5: 3.13 (3H, s), 3.98 (3H; s), 4.01 (3H, s), 5.57 (1H, d, J= 10.8 Hz), 5.92 (1H, d, J= 17.4 Hz), 6.57 (1H, 
d, J= 10.8, 17.4 Hz), 8.25 (1H, s). 

Process 2 - 6 

[0401] Compound 74 was synthesized in a same manner similar to Example 3 and 9. 
Process 7 

[0402] A suspension of compound 74 (153 mg, 0.420 mmol) and 10 % palladium carbon (16.4 mg) in methanol (5 
ml) was stirred under 1 atm of hydrogen atmosphere for 3 hours at room temperature. The reaction mixture was filtered, 
evaporated under reduced pressure, and subjected to silica gel column chromatography. The fractions containing 
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desired compound e luted with ethyl acetate - methanol (30:1 v/v) were concentrated under reduced pressure to give 
compound 75 (111 mg, 72 %) as colorless crystals. 

NMR (CDCI 3 ) 8: 1.34 (3H, t, J= 7.4 Hz), 2.66 (3H, s), 3.03 (2H, q, J = 7.4 Hz), 3.96 (3H, s), 4.19 (3H, s), 4.28 (2H, s), 
7.04 (2H, m), 7.38 (2H, m), 7.54 (1H, s): 

Process 8 

[0403] Compound 1-124 (71 mg, 64 %) was synthesized as colorless* crystals from compound 75 (111 mg, 0.303 

mmol) in a same manner similar to the process 1 of Example 4. 

M.p.: 181-182 °C Recrystallization solvent : acetonitrile 

Elemental analysis for C 19 H 17 FN 4 0 2 

Calcd. (%): C, 64.76; H, 4.86; N, 15.90; F, 5.39. 

Found. (%): C, 65.15; H, 5.01; N, 15.32; F, 5.13. 

NMR (DMSO-oy 5: 1.26 (3H, t, J = 7.4 Hz), 2.54 (3H, s), 3.02 (2H, q, J = 7.4 Hz), 3.91 (3H, s), 4.37 (2H, s), 7.21 (2H, 
m), 7.27 (1H, s), 7.44 (2H, m), 10.39 (1H, brs). 
IR (KBr):3421, 1621 cm' 1 . 

Example 29 

Compound 1-125 

[0404] 

HO MeO MeQ ■ 

QT^ Process 1 Process 2 O QT^ 

76 77 78 




Process 5 




1-125 

Process 1 

[0405] Methyl iodide was added (3.50 ml, 56.2 mmol) to a suspension of compound 76 (3.85 g, 1 8.6 mmol) described 
in the literature (J. Heterocycl. Chem., 23, 665 - 668, (1986)) and potassium carbonate (5.14 g, 37.2 mmol) in acetone 
- DMF (4:1 v/v, 75 ml) at room temperature, and the mixture was refluxed for 2 hours. After the reaction reaction mixture 
was neutralized with 2 N hydrochloric acid under ice-cooling, and the whole was extracted with ethyl acetate. The 
organic layer was dried over sodium sulfate. A crude product obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl 
acetate (2:1 v/v) were concentrated under reduced pressure. The crystalline residue was recrystallized from diisopropyl 
ether -hexane to give compound 77 (2.45 g, 60 %) as colorless crystals. 
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NMR (CDCI 3 ) 5 : 1.44 (3H, t, J = 7.2 Hz), 4.47 (2H, q, J = 7.2 Hz), 4.57 (3H, s), 7.38 (1H, dd, J= 4.5, 8.7 Hz), 7.80 
(1H, dd, J= 1.2, 8.7 Hz), 8.61 (1H, dd, J= 1.2, 4.5 Hz). 

Process 2 

5 

[0406] Hydrazine monohydrate (5 ml) was added to a solution of compound 77 (2.37 g, 1 0.7 mmol) in ethanol (25 
ml) at room temperature, and the mixture was refluxed for 1 hour. After the reaction mixture was cooled to 0 °C, 
precipitated crystals were collected and washed with ethanol to give compound 78 (1 .59 g, 72 %) as colorless crystals. 

10 Process 3 

[0407] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .66 g, 8.66 mmol) was added to a suspension 
of compound 78 (1.59 g, 7.67 mmol), p-fluorophenylacetic acid (1.33 g, 8.46 mmol) and 1-hydroxybenzotriazole (203 
mg, 1.50 mmol) in THF - DMF (4:1 v/v, 37.5 ml) at room temperature, and the mixture was stirred for 2 hours. Water 
15 (75 ml) was added dropwise to the reaction mixture at room temperature. After water (75 ml) was added under ice- 
cooling, precipitated crystals were collected and washed with water to give compound 79 (2.36 g, 90 %) as colorless 
crystals. 

NMR (DMSO-de) 8: 3.55 (2H, s), 4.42 (3H, s), 7.16 (2H, m), 7.37 (2H, m), 7.55 (1H, dd, J= 4.7, 8.6 Hz), 8.11 (1H, dd, 
J= 1.2, 8.7 Hz), 8.65 (1H, dd, J= 1.2, 4.7 Hz), 9.96 (1H, brs), 10.30 (1H, brs). 



20 



30 



Process 4 



[0408] A mixture of compound 79 (31 4 mg; 0.91 5 mmol) and phosphorus oxychloride (3 ml) was refluxed for 3 hours. 
Removal of an excess of phosphorus oxychloride under reduced pressure gave the residue, which was added ice- 
25 water and neutralized with 1 N sodium hydroxide solution. Precipitated crystals were collected, washed with water and 
recrystallized from ethyl acetate to give compound 80 (205 mg, 69 %) as pale brown crystals. 
NMR (CDCI3) 8: 4.30 (2H, s), 4.57 (3H, s), 7.06 (2H, m), 7.36 (3H, m), 7.80 (1H, m), 8.62 (1H, m): 



Process 5 



[0409] Compound 1-125 (82 %) was synthesized as a colorless crystal in a same manner similar to the process 1 of 
Example 4. M.p.: 220 - 223 °C Recrystallization solvent: acetonitrile 
Elemental analysis for C 16 H 10 FN 3 O 3 
Calcd. (%): C, 61.74; H, 3.24; N, 13.50; F, 6.10. 
35 Found. (%): C, 61.73; H, 2.92; N, 13.51; F, 5.92. 

NMR (DMSO-d 6 ) 8: 4.40 (2H, s), 7.22 (2H, m), 7.44 (2H, m), 7.54 (1H, dd, J= 4.5, 8.4 Hz), 7.80 (1H, dd, J= 1.2, 8.4 
Hz), 8.65 (1H, dd, J= 1.2, 4.5 Hz), 11.71 (1H, brs). IR (KBr): 3431, 1651 cm" 1 . 

40 



45 



50 



55 
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Example 30 
Compound 1-126 
5 [0410] 



10 



15 



20 




M26 



25 Process 1 . 

[0411] Lawesson's reagent (1 .20 g, 2.82 mmol) was added to a suspension of compound 79 (482 mg, 1 .40 mmol) 
in toluene (10 ml) at room temperature, and the mixture was ref I uxed for 1 hour. A crude product obtained by evaporation 
under reduced pressure was subjected to silica gel column chromatography. The fractions containing desired com- 
30 pound eluted with chloroform - methanol (50:1 v/v) were concentrated under reduced pressure. The crystalline residue 
was recrystallized from ethyl acetate - hexane to give compound 81 (383 mg, 88 %) as colorless crystals. 
NMR (CDCI 3 6: 4.49 (2H, s), 4.55 (3H, s), 7.06 (2H, m), 7.33 (2H, m), 7.34 (1H, dd, J= 4.7, 8.4 Hz), 7.83 (1H, dd, J = 
1.2, 8.4 Hz), 8.58 (1H, dd, J= 1.2, 4.7 Hz). 

35 Process 2 

[0412] Compound 1-126 (86 %) was synthesized as pale brown crystals in a same manner similar to the process 1 
of Example 4. 

M.p.: 261 - 265 °C Recrystallization solvent: DMF - ethyl acetate 
40 Elemental analysis for C 16 H 10 FN 3 O 2 S 

Calcd. (%): C, 58.71; H, 3.08; N, 12.84; F, 5.80; S, 9.80. 
Found. (%): C, 58.47; H, 2.88; N, 12.75; F, 5.59; S, 9.54. 

NMR (DMSO-o* 6 ) 6: 4.54 (2H, s), 7.21 (2H, m), 7.46 (2H, m), 7.52 (1H, dd, J = 4.7, 8.4 Hz), 8.12 (1H, dd, J = 1.2,8.4 
Hz), 8.62 (1H, dd, J =1.2, 4.7 Hz), 12.05 (1H, brs). 
45 IR(KBr): 3448, 1637 cm' 1 . 
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Example 31 
Compound 1-127 
[0413] 




I-62 1-127 

Process 1 

[0414] Phosphorus pentasulfide (282 mg, 1.27 mmol) was added to a suspension of compound I-62 (393 mg, 1.16 
mmol) in pyridine (4 ml) at room temperature, and the mixture was refluxed for 6 hours. Water (12 ml) and 2 N hydro- 
chloric acid (4 ml) were added to the reaction mixture under ice-cooling. Precipitated crystals were collected, washed 
with water and recrystallized from DMF to give compound 1-127 (111 mg, 27 %) as colorless crystals. 
M.p.: >300 °C Recrystallization solvent: DMF 

NMR (DMSO-cfe) 8: 2.72 (3H, s), 3.80 (3H, s), 4.44 (2H, s), 7.19 (2H, m), 7.42 (2H, m), 9.21 (1H, s), 14.37 (1H, brs). 
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Example 32 
Compound 1-128 
5 [0415] 



OH OH OMe 



10 




82 83 84. 



OMe OMe 




Process 7 



1-128 

40 

Process 1 



[0416] A solution of diisopropylamine (0.36 ml, 2.57 mmol) and AAbromosuccinimide (4.57 g, 25.7 mmol) in dichlo- 
romethane (1 50 ml) was added to a solution of 4-hydroxy-2-methylbenzoxazole 82 (3.83 g, 25.7 mmol) in dichlorometh- 

45 ane (85 ml) at room temperature, and the mixture was stirred for 1 hour at room temperature. Water and 10 % hydro- 
chloric acid were added to the reaction mixture and the whole was extracted with chloroform. The organic layer was 
washed with 10 % hydrochloric acid, 5 % sodium sulfite solution and brine, and dried over magnesium sulfate. The 
crystalline residue obtained by evaporation under reduced pressure was washed with hexane - diisopropyl ether (1:1) 
to give crude compound 83 (4.83 g) as colorless crystals. 

50 NMR (CDCI 3 ) 6: 2.71 (3H, s), 6.97 (1 H, d, J = 8.4 Hz), 7.44 (1 H, d, J = 8.4 Hz), 9.39 (1 H, brs). 

Process 2 

[0417] Potassium carbonate (3.68 g, 26.7 mmol) and methyl iodide (1.91 ml, 30.8 mmol) were added to a solution 
55 of compound 83 (4.67 g, 20.5 mmol) in DMF (40 ml) at room temperature, and the mixture was stirred for 1 hour at 
room temperature. Water and 10 % hydrochloric acid were added to the reaction mixture and the whole was extracted 
with ethyl acetate. The organic layer was washed with 10 % hydrochloric acid, 5 % sodium sulfite solution and brine, 
and dried over sodium sulfate. A crude product obtained by evaporation under reduced pressure was subjected to 
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silica gel column chromatography. The fractions containing desired compound eluted with hexane - ethyl acetate (5:1 
v/v) were concentrated under reduced to give compound 84 (3.46 g, 70 %) as a colorless oil. 
NMR (CDCI 3 ) 6: 2.62 (3H, s), 4.38 (3H, s), 7.01 (1H, d, J = 8.7 Hz), 7.43 (1H, d, J = 8.7 Hz). 

s Process 3 

[0418] A solution of compound 84 (740 mg, 3.06 mmol) in dioxane (8 ml), a solution of tri-terf-butylphosphine (37 
mg, 0.183 mmol) in dioxane (4 ml) and tributylvinylstannane (0.98 ml, 3.36 mmol) were added to a mixture of cesium 
fluoride (1.02 g, 6.73 mmol) and tris(dibenzylideneacetone)dipalladium (0) (42 mg, 0.0459 mmol), and the mixture was 
10 stirred for 15 hours at 80 °Cunder argon atmosphere. After diisopropyl ether was added to the reaction mixture and 
insoluble materials were filtered off, the filtrate was concentrated. A crude product obtained by evaporation under 
reduced pressure was subjected to silica gel column chromatography. The fractions containing desired compound 
eluted with hexane - ethyl acetate (8:1 v/v) were concentrated under reduced to give compound 85 (260 mg, 45 %) as 
a colorless oil. 

15 NMR (CDCI3) 8: 2.60 (3H, s), 4.31 (3H, s), 5.24 (1H, dd, J= 11.4, 1.5 Hz), 5.68 (1H, dd, J= 17.7, 1.5 Hz), 7.08 (1H, 
d, J = 8.4 Hz), 7.11 (1H, dd, J = 17.7,11.4 Hz), 7.42 (1H, d, J = 8.4 Hz). 

Process 4 

20 [0419] Trimethylamine N-oxide dihydrate (191 mg, 1.72 mmol), water (0.4 ml) and 5 % osmium tetroxide solution 
(0.40 ml, 0.0782 mmol) were added to a solution of compound 85 (296 mg, 1 .56 mmol) in THF (8 ml) under ice-cooling, 
and the mixture was stirred for 2 hours at room temperature. 5 % Sodium thiosulfate was added to the reaction mixture 
and the whole was stirred for 15 minutes at room temperature and extracted with ethyl acetate. The organic layer was 
washed with 10 % hydrochloric acid, saturated sodium hydrogencarbonate solution and brine, and dried over sodium 

25 sulfate. Removal of solvent under reduced pressure gave diol intermediate (320 mg) as a brown oil. A solution of 
sodium periodate (362 mg, 1 .69 mmol) in water (3 ml) was added to a solution of diol intermediate (31 5 mg, 1 .41 mmol) 
in THF (12 ml) under ice-cooling, and the mixture was stirred for 2 hours. Water was added to the reaction mixture and 
the whole was extracted with ethyl acetate. The organic layer was washed with water, saturated sodium hydrogencar- 
bonate solution and brine, and dried over sodium sulfate. Removal of solvent under reduced pressure gave compound 

30 86 (245 mg, 82 %) as colorless crystals. 

NMR (CDCI3) 5: 2.64 (3H, s), 4.49 (3H, s), 7.12 (1 H, dd, J=8.4, 0.9 Hz), 7.82 (1 H, d, J=8.4 Hz), 10.47 (1 H, d, J =0.9 Hz). 

Process 5 

35 [0420] 2-Methyl-2-butene (4 ml), a solution of sodium chlorite (590 mg, 6.53 mmol) in water (6 ml) and sodium dihy- 
drogen phosphate dihydrate (783 mg, 5.02 mmol) were added to a solution of compound 86 (240 mg, 1.26 mmol) in 
methanol (5 ml) - dioxane (5 ml) at room temperature, and the mixture was stirred for 6 hours. The reaction mixture 
was quenched with 5 % sodium thiosulfate solution, stirred for 10 minutes at room temperature, acidified with 5 % citric 
acid solution and extracted with ethyl acetate. The organic layer was washed with water and brine, and dried over 

40 sodium sulfate. Removal of solvent under reduced pressure gave carboxylic acid intermediate (264 mg). Compound 
87 (330 mg, 74 %) was synthesized as colorless crystals from the carboxylic acid intermediate (264 mg, 1.26 mmol) 
in a same manner similar to the process 2 of Example 9. 

Process 6. 

45 

[0421] Compound 88 (128 mg, 77 %) was synthesized as colorless crystals from compound 87 (176 mg, 0.493 mmol) 
in a same manner similar to the process 3 of Example: 

NMR (CDCI3) 5 : 2.64 (3H, s); 4.26 (2H, s), 4.41 (3H, s), 7.04 (2H, m), 7.18 (1H, d, J = 8.4 Hz), 7.35 (2H, m), 7.79 (1H, 
d, J =8.4 Hz). 

50 

Process 7 

[0422] Compound 1-128 (79 mg, 67 %) was synthesized as colorless crystals from compound 88 (123 mg, 0.362 
mmol) in a same manner similar to the process 1 of Example 4. 
55 M.p.: 178 - 179 °C Recrystallization solvent: chloroform - ethanol 
Elemental analysis for C 17 H 12 FN 3 03 
Calcd. (%): C, 62.77; H, 3.72; N, 12.92; F, 5.84. 
Found. (%): C, 62.71; H, 3.62; N, 12.88; F, 5.72. 
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NMR (CDCI 3 ) 6: 2.66 (3H, s), 4.28 (2H, s), 7.07 (2H, m), 7.11 (1H, 6, J = 8.7 Hz), 7.35 (2H, m), 7.62 (1H, d, J = 8.7 
Hz), 10.73 (1H, brs). 

IR (KBr): 3431, 1649, 1612, 1549, 1518, 1489, 1381, 1232 cm' 1 . 
5 Example 33 

Compound 1-129 



[0423] 

10 




1-129 

40 Process 1 

[0424] Diethyl ethoxymethylenemaionate (47.0 ml, 230 mmol) was added to a solution of compound 89 (22.4 g; 231 
mmol) in acetic acid (200 ml) at room temperature, and the mixture was refluxed for 2 hours. After cooling to 0 °C, 
precipitated crystals were collected and washed with ethanol and diethyl ether to give compound 90 (34.4 g, 67 %) as 
45 colorless crystals. 

NMR (DMSO-d 6 ) 6: 1.27 (3H, t, J= 7.2 Hz), 2.29 (3H, s), 4.22 (2H, q, J= 7.2 Hz), 6.12 (1H, s), 8.51 (1H, s), 12.94 (1H, 
brs). 

Process 2 

50 

[0425] A mixture of compound 90 (2.00 g, 10.7 mmol) and hydrazine monohydrate (2 ml) was refluxed for 15 hours. 
After water (8 ml) was added to the reaction mixture under ice-cooling, precipitated crystals were collected and washed 
with water and diethyl ether to give compound 91 (1 .27 g, 68 %) as colorless crystals. 
NMR (DMSO-cfe) 8: 2.30 (3H, s), 6.09 (1H, s), 8.53 (1H, s), 9.83 (1H, brs). 

55 

Process 3 

[0426] Crude compound 92 was synthesized as colorless crystals in a same manner similar to the process 3 of 



101 



EP 1 375 486 A1 



Example 29. 



Process 4 



[0427] Compound 1-129 (9 % overall yield) was synthesized as pale brown crystals from compound 91 in a same 
manner similar to the process 1 of Example 4. M.p.: >300°C Recrystallization solvent: acetonitrile - methanol 
NMR (DMSO-d 6 ) 8: 2.32 (3H, s), 4.34 (2H, s), 6.18 (1H, s), 7.21 (2H, m), 7.42 (2H, m). 8.57 (1H, s), 13.14 (1H, brs). 
IR (KBr): 3427, 1674 cm 1 . 

Example 34 

Compound 1-130 

[0428] 



OMe 
MeOgCy^NOa 



OMe 
HQ 2 C AmQ 2 



T^NHs Process 1 jCi NH 2 Process 2 

CI Cl 
2 93 



H O OMe 

1 NO, 



N. 



N 




°— "-"S^NRa Process 3 
CI 
94 



0 M-r 



v , -N OMe 

S^NH, 
CI 
95 




Process 4 



N-N OMe 



S^NH2 Process 5 
96 




N-N OMe 



Q N-N 



H 

97 



>-NH 2 



Process 6 



> — -<i j] 



OH 



H 

1-130 



S-NH 3 Cl 



Process 1 



[0429] 1 N Sodium hydroxide solution (10 ml) was added to a solution of compound 2 (2.00 g, 7.67 mmol) in ethanol 
(1 0 ml) at room temperature, and the mixture was stirred for 50 minutes at 50 °C. The reaction mixture was neutralized 
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with 2 N hydrochloric acid under ice-cooling and extracted with ethyl acetate. The organic layer was washed with brine 
(40 ml) and dried over sodium sulfate. Removal of solvent under reduced pressure gave crude compound 93 (1 .95 g). 
NMR (CDCI 3 ) 8: 4.03 (3H, s), 5.87 (2H, brs), 8.17 (1H, s). 

5 Process 2 

[0430] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1 .68 g, 8.76 mmol) was added to a solution of 
compound 93 (1.95 g), p-fluorophenylacetic hydrazide (1.48 g, 8.80 mmol) and 1-hydroxybenzotriazole (213 mg, 1.58 
mmol) in DMF (20 ml) at room temperature, and the mixture was stirred for 1 hour. Water (180 ml) was added dropwise 
10 to the reaction mixture at room temperature. After ice-cooling, precipitated crystals were collected and washed with 
water and diethyl ether to give compound 94 (3.04 g, 100 % from compound 2) as yellow crystals. 
NMR (DMSO-d 6 ) 8: 3.52 (2H, s), 3.84 (3H, s), 6.59 (2H, brs), 7.15 (2H, m), 7.35 (2H, m), 7.56 (1H, s), 10.09 (1H, brs), 
10.27 (1H, brs). 

15 Process 3 

[0431 ] Compound 95 (72 %) was synthesized as yellow crystals in a same manner similar to the process 3 of Example 
9. 

20 Process 4 

[0432] A suspension of compound 95 (2.12 g, 5.60 mmol), 10% palladium carbon (402 mg) and triethylamine (8 ml) 
in methanol (80 ml) was stirred under 4 atm of hydrogen atmosphere for 15 hours. The reaction mixture was filtered, 
evaporated under reduced pressure. The residue was diluted with ethyl acetate, washed with water (20 ml) and brine. 
25 (20 ml), and dried over sodium sulfate. The crystalline residue obtained by evaporation under reduced pressure was 
recrystallized from ethyl acetate - hexane to give compound 96 (1.54 g, 88 %) as colorless crystals. 
NMR (CDCI3) 8: 3.55 (4H, br), 3.75 (3H, s), 4.24 (2H, s), 6.55 (1H, d, J = 8.7 Hz), 7.04 (2H, m), 7.27 (1H, d, J = 8.7 
Hz), 7.34 (2H, m). 

30 Process 5 

[0433] A solution of compound 96 (493 mg, 1 .57 mmol) in methanol (5 ml) was added dropwise to a solution of 
cyanogen bromide (181 mg, 1.62 mmol) in water (2.5 ml) at room temperature, and the mixture was stirred for 20 
hours. The reaction mixture was neutralized with saturated sodium carbonate solution and water under ice-cooling. 
35 Precipitated crystals were collected and washed with water to give compound 97 (504 mg, 95 %) as colorless crystals. 
NMR (DMSO-d 6 ) 8: 4.04 (3H, s), 4.33 (2H, s), 6.42 (2H, brs), 6.96 (1H, d, J= 8.1 Hz), 7.21 (2H, m), 7.28 (1H, d, J = 
8.1 Hz), 7.44 (2H, m), 11.18 (1H, brs). 

Process 6 

40 

[0434] Compound 1-130 (63 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 
Example 4. 

M.p.: 261 - 266 °C Recrystallization solvent : acetonitrile 
Elemental analysis for C 16 H 13 CIFN 5 0 2 (H 2 0)o.4 
45 Calcd. (%): C, 51.83; H, 3.81; N, 18.89; CI, 9.56; F, 5.12. 
Found. (%): C, 51.91; H, 3.35; N, 18.75; CI, 9.60; F, 5.02. 

NMR (DMSO-d 6 ) 8: 4.39 (2H, s), 7.05 (1H, d, J= 8.4 Hz), 7.21 (2H, m), 7.45 (2H, m), 7.58 (1H, d, J= 8.4 Hz), 8.56 
(2H, brs), 10.70 (1H, brs), 12.93 (1H, brs). 
IR (KBr): 1697 cnr«. 
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Example 35 
[0435] 



10 



15 



20 




1-131 

25 

Process 1 

[0436] Diacetyl (89.9 mg, 1 .04 mmol) was added to a solution of compound 96 (222 mg, 0.706 mmol) in ethanol (2 
ml) at 60 °C, and the mixture was refluxed for 7 hours. After cooling to 0 °C, precipitated crystals were collected and 
30 washed with ethanol to give compound 98 (97.2 mg, 38 %) as yellow crystals. 

NMR (CDCI 3 ) 8: 2.76 (3H, s), 2.79 (3H, s), 4.19 (3H, s), 4.32 (2H, s), 7.06 (2H, m), 7.39 (2H, m), 7.80 (1H, d, J = 8.9 
Hz), 8.18(1 H, d, J = 8.9 Hz). 

Process 2 

35 

[0437] Compound 1-1 31 , (75 %) was synthesized as pale brown crystals in a same manner similar to the process 1 
of Example 4. 

M.p.: 226 - 228 °C Recrystallization solvent: acetonitrile 
Elemental analysis for C 19 H 15 FN 4 0 2 
40 Calcd. (%): C, 65.14; H, 4.32; N, 15.99; F, 5.42. 
Found. (%): C, 65.10; H, 4.08; N, 16.02; F, 5.37. 

NMR (DMSO-d 6 ) 5: 2.70 (3H, s), 2.74 (3H, s), 4.41 (2H, s), 7.21 (2H, m), 7.46 (2H, m), 7.52 (1H, d, J= 8.7 Hz), 8.01 
(1H, d, J = 8.7 Hz), 10.92 (1H, brs). 
IR (KBr): 3423, 1631 cm" 1 . 
45 [0438] Compound 1-1 32 was synthesized in a same manner similar to Example 35. 




1-132 
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Compound 1-132 

[0439] M.p.: 163-164 °C Recrystallization solvent: methanol 

NMR (DMSO-cfe) 8: 4.43 (2H, s), 7.21 (2H, m), 7.47 (2H, m), 7.68 (1H, d, J = 9.0 Hz), 8.19 (1H, d, J = 9.0 Hz), 8.99 
5 (1 H, d, J = 1 .5 Hz), 9.07 (1 H, d, J = 1 .5 Hz), 1 1 .52 (1 H, brs). 

Example 36 

Compound 1-133 

10 

[0440] 




2 



Process 1 

35 [0441] Methyl 2,2,2-trichloroacetimidate (408 ml, 3.30 mmol), diisopropylethylamine (473 ml, 2.72 mmol) and am- 
monium chloride (73 mg, 1.36 mmol) were added to a solution of compound 96 (943 mg, 3.00 mmol) in acetic acid 
(6.0 ml) under ice-cooling, and the mixture was stirred for 45 minutes at room temperature. After water (15 ml) was 
added to the reaction mixture, precipitated crystals were collected and dissolved in THF (27 ml). 5 N sodium hydroxide 
solution (3 ml) was added to the solution and the mixture was stirred for 1 .5 hours at room temperature. The reaction 

40 mixture was concentrated and acidified to pH 3 - 4 with 2 N hydrochloric acid. Precipitated crystals were collected and 
washed with water to give compound 99 (770 mg, 70 %) as reddish-brown crystals. 

NMR (CDCI 3 ) 5: 4.28 (3H, s), 4.45 (2H; s), 7.06 (2H, m), 7:33-(1H; d; J=8.5Hz), 7.39 (2H, m), 7.80 (1H, d, J = 8.6 Hz). 
Process 2 

45 

[0442] 1 -Hydroxybenzotriazole (138 mg, 1 .02 mmol), diisopropylethylamine (473 ml, 2.72 mmol), ammonium chloride 
(73 mg, 1.36 mmol) and benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate (531 mg, 1.02 mmol) 
were added to a solution of compound 99 (250 mg, 0.68 mmol) in DMF (3.4 ml) at room temperature, and the mixture 
was stirred for 1 hour. The reaction mixture was poured into a mixture of 1 N hydrochloric acid (4 ml) - ice-water - ethyl 

50 acetate, and the mixture was extracted with ethyl acetate. The organic layer was washed with diluted hydrochloric acid 
(x2), water (x2), saturated sodium hydrogencarbonate solution and brine, and dried over sodium sulfate. A crude prod- 
uct obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions 
containing desired compound eluted with chloroform - methanol (10:1 v/v) were concentrated under reduced pressure 
to give compound crude compound 100 (409 mg) of as yellow crystals. 

55 NMR (DMSO-</ 6 ) 5: 4.36 (3H, s), 4.40 (2H, s), 7.22 (2H, m), 7.28 (1 H, d, J = 8.6 Hz), 7.46 (2H, m), 7.69 (1 H, d, J = 8.6 
Hz), 7.95 (1H, s), 8.26 (1H, s), 13.60 (1H, s). 
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Process 3 

[0443] Compound 1-133 (54 %) was synthesized as pale brown crystals in a same manner similar to the process 1 
of Example 4. 

Elemental analysis for C 17 H 12 FN 5 03 

Calcd. (%): C, 57.79; H, 3.42; N, 19.82; F, 5.38. 

Found. (%): C, 54.64; H, 3.33; N, 18.17; F, 4.97. 

NMR (CDCI 3 ) 5: 4.39 (2H, s), 7.15 (1H, d, J= 8.6 Hz), 7.21 (2H, m), 7.46 (2H, m),7.61 (1H, d, J= 8.6 Hz), 7.90 (1H, 
s), 8.27(1 H,s). 

Example 37 

Compound 1-134 

[0444] 




1-134 



Process 1 

[0445] A solution of triethylamine (253 ml, 1.82 mmol) and acetyl chloride (129 ml, 1.82 mmol) in THF (5 ml) was 
added to a solution of compound 1-130 (556 mg, 1.65 mmol) in THF (15 ml) under ice-cooling, and the mixture was 
stirred for 1 hour at 0 °C and for 15 minutes at room temperature. The reaction mixture was diluted with water (30 ml) 
and acidified to pH 3 - 4 with 10 % hydrochloric acid. Precipitated crystals were collected and washed with water to 
give A/-acetyl intermediate (327 mg). The crystals were dissolved in xylene (15 ml) and the mixture was refluxed at 
170 °C for 22 hours. After cooling, crystals were collected and washed with a small amount of diethyl ether to give 
compound 101 (264 mg, 41 %) as red crystals. NMR (CDCI 3 ) 8 : 2.17 (3H, s), 4.20 (3H, s), 4.34 (2H, s), 7.21 (2H, m), 
7.30 (1 H, d, J = 8.3 Hz), 7.44 (2H, m), 7.47 (1 H, d, J = 8.2 Hz). 

Process 2 

[0446] Compound 1-134 (22 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 
Example 4. 

M.p.: >300 °C Recrystallization solvent : THF - chloroform 
Elemental analysis for C 18 H 14 FN 5 0 3 
Calcd. (%): C, 58.85; H, 3.84; N, 19.07; F, 5.17. 
Found. (%): C, 54.64; H, 3.33; N, 18.17; F, 5.02. 

NMR (DMSO«d 6 ) 8: 2.18 (3H, s), 4.37 (2H, s), 7.21 (3H, m), 7.46 (3H, m), 11.64 (1H, brs). 

[0447] Compounds 1-135 and 1-136 were synthesized in a same manner similar to the process 1 of Example 17. 
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O OH 




1-135: R 1 = H 
1-136: R 1 = Me 



Compound 1-135 

M.p.: 238 - 241 °C Recrystallization solvent: acetonitrile 
Elemental analysis for C 2 oH 1 5FN203(H 2 0) ai 
Calcd. (%): C, 68.21; H, 4.35; N, 7.96; F, 5.40. 
Found. (%): C, 68.08; H, 4.19; N, 7.91; F, 5.34. 

NMR (DMSO-d 6 ) 6: 2.50 (3H, s), 4.18 (2H, s), 6.48 (1H, d, J= 3.6 Hz), 7.02 (1H, d, J = 8.9 Hz), 7.20 (2H, m), 7.38 
(2H, m), 7.41 (1H, d, J= 3.6 Hz), 7.84 (1H, d, J= 8.9 Hz), 12.88 (1H, brs). 
IR (KBr): 3431, 1635 cm' 1 . 

Compound 1-136 

[0448] M.p.: 205 - 207 °C Recrystallization solvent: methanol - ethyl acetate 
Elemental analysis for C 21 H 18 CIFN 2 O 3 (H 2 O) 06 
Calcd. (%): C, 61.27; H, 4.70; N, 6.81; CI, 8.61; F, 4.62. 
Found. (%): C, 61.24; H, 4.65; N, 6.79; CI, 8.14; F, 4.48. 

NMR (DMSO-d 6 ) 5: 2.76 (3H, s), 3.89 (3H, s), 4.17 (2H, s), 6.52 (1 H, d, J = 3.6 Hz), 7.20 (2H, m), 7.34 - 7.42 (4H, m), 
7.93 (1H, d, J = 8.7 Hz), 12.19 (1H, brs). 
IR (KBr): 3280, 1651 cm' 1 . 
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Example 38 
Compound 1-137 
5 [0449] 




106 1-137 



Process 1 

[0450] A solution of diazomethane in diethyl ether was added to a suspension of compound 1 02 (3.50 g, 1 8.5 mmol) 
40 and silica gel (1 g) in methanol (8 ml) under ice-cooling, and the mixture was stirred for 1 .5 hours at room temperature. 
Insoluble materials were filtered off and the filtrate was concentrated. The residue was diluted with water and extracted 
with ethyl acetate. The organic layer was washed with water and dried over sodium sulfate. A crude product obtained 
by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions containing 
desired compound eluted with ethyl acetate were concentrated under reduced to give compound 103 (1.01 g, 25 %) 
45 as a colorless oil. 

NMR (DMSO-d 6 ) 8: 3.91 (3H, s), 4.13 (3H, s), 7.67 (1H, dd, J= 8.4, 3.9 Hz), 7.78 (1H, d, J =8.7 Hz), 7.80 (1H, d, J = 
8.7 Hz), 8.45 (1H, dd, J = 8.4, 1 .8 Hz), 9.01 (1 H, dd; J = 4.2, 1 .8 Hz). 

Process 2 

50 

[0451] 1 N lithium hydroxide solution (8 ml) was added to a solution of compound 103 (1 .40 g, 6.45 mmol) in ethanol 
(30 ml) at room temperature, and the mixture was stirred for 2 hours at 75 °C. The reaction mixture was acidified with 
1 N hydrochloric acid under ice-cooling and the whole was concentrated under reduced pressure. The residue was 
diluted with water and extracted with ethyl acetate. The organic layer was washed with brine and dried over sodium 
55 sulfate. The crystalline residue obtained by evaporation under reduced pressure was triturated with diethyl ether to 
give crude compound 104 (0.900 g, 69 %). 
M.p.: 184-185 °C 

NMR (DMSO-d 6 ) 6: 4.11 (3H, s), 7.64 (1H, dd, J= 8.4, 3.9 Hz), 7.76 (2H, m), 8.43 (1H, dd, J= 8.4, 1.8 Hz), 8.99 (1H, 
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dd, J = 4.2, 1.8 Hz), 13.15 (1 H, brs). 
Process 3 

5 [0452] Compound 105 (1 .8 g, 5.7 mmol, 49 %) was synthesized as colorless crystals in a same manner similar to 
the process 2 of Example 9. 
M.p.: 167- 168 °C 

NMR (DMSO-cfe) 5: 3.57 (2H, s), 4.18 (3H, s), 7.16 (2H, m), 7.38 (2H, m), 7.56 (1H, d, J= 8.4 Hz), 7.64 (1H, dd, J = 
8.4, 4.2 Hz), 7.80 (1H, d, J = 8.4 Hz), 8.43 (1H, dd, J = 8A, 1.5 Hz), 8.99 (1H, dd, J = 4.2, 1.5 Hz), 10.33 (1H, s), 10.55 
10 (1H,s). 

Process 4 

[0453] Triphenylphosphine (256 mg, 0.976 mmol) was added to a solution of bromine in dichloromethane (0.1 M, 
15 9.76 ml, 0.976 mmol) under ice-cooling, and the mixture was stirred for 30 minutes under ice-cooting and for 30 minutes 
at room temperature. Triethylamine (257 mg, 2.55 mmol) was added to the reaction mixture under ice-cooling and the 
whole was stirred for 1 0 minutes. After compound 1 05 (300 mg, 0.850 mmol) was added to the mixture, the whole was 
stirred for 2 hours at room temperature and quenched with water and extracted with chloroform. The organic layer was 
washed with water and dried over sodium sulfate. A crude product obtained by evaporation under reduced pressure 
20 was subjected, to silica gel column chromatography. The fractions containing desired compound eluted with ethyl 
acetate were concentrated under reduced to give compound 106 (94 mg, 33 %) as colorless crystals. 
M.p.: 119-120 °C 

NMR (DMSO-d 6 ) 8: 4.12 (3H, s), 4.43 (2H, s), 7.23 (2H, m), 7.49 (2H, m), 7.50 (1H, d, J= 8.7 Hz), 7.68 (1H, dd, J = 
8.4, 4.2 Hz), 7.88 (1H, d, J= 8.7 Hz), 8.48 (1H, dd, J= 8.7, 1.8 Hz), 9.02 (1H, dd, J= 4.2, 1.8 Hz). 

25 

Process 5 

[0454] Compound 1-137 (66 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 
Example 4. 
30 M.p.: 172-173 °C 

NMR (DMSO-d 6 5: 4.41 (2H, s), 7.21 (2H, m), 7.45 (2H, m), 7.54 (1H, d, J = 8.7 Hz), 7.70 (1H, dd, J= 8.4, 4.2 Hz), 
7.94 (1H, d, J=8.7 Hz), 8.43 (1H, dd, J=8.4, 1.5 Hz), 8.96 (1H, dd, J=4.2, 1.5 Hz), 10.97 (1H, brs). 

Example 39 

35 

Compound 1-138 
[0455] 

40 



45 



50 
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Process 1 

[0456] Compound 107 (24 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 
Example 30. 
M.p.: 119- 120 °C 

NMR (CDCI 3 ) 6: 4.28 (3H, s), 4.50 (2H, s), 7.05 (2H, m), 7.36 (2H, m), 7.49 (1H, dd, J= 8.1, 4.2 Hz), 7.67 (1H, d, J = 
9.0 Hz), 8.20 (1 H, dd, J = 8.4, 1 .8 Hz), 8.61 (1H, d, J= 9.0 Hz), 8.97 (1 H, dd, J= 4.2, 1 .8 Hz). 

Process 5 



10 



[0457] Compound 1-138 (87 %) was synthesized as colorless crystals in a same manner similar to the process 1 of 

Example 4. 

M.p.: 164- 165 °C 

NMR (DMSO-cfe) 8: 4.53 (2H, s), 7.21 (2H, m), 7.46 (2H, m), 7.54 (1H, d, J= 8.7 Hz), 7.67 (1H, dd, J= 8.4, 4.2 Hz), 
15 8.40 (1 H, d, J= 8.7 Hz), 8.42 (1 H, dd, J= 8.4, 1 .5 Hz), 8.94 (1H, dd, J= 4.2, 1 .5 Hz). 



20 
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Example 40 
Compound 1-139 
[0458] 




Process 1 

[0459] A suspension of 4-fluorocinnamic acid (50 g, 300 mmol), 10 % palladium carbon (10 wt%) in DMF (500 ml) 

111 " * ~ 
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was stirred under 1 atm of hydrogen atmosphere for 6.5 hours at room temperature. The reaction mixture was filtered 
through Celite, and DMF was evaporated from the filtrate under reduced pressure. Ethyl acetate (300 ml) was added 
to the residue and the solution was filtered again through Celite. The filtrate was evaporated under reduced pressure 
to give crude compound 109 (61.8 g) as colorless crystals. 

5 

Process 2 

[0460] 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (69.2 g, 360 mmol) and 1 -hydroxybenzotria- 
zole (4.07 g, 31 mmol) were added to a solution of the crude compound 109 (61.8 g) in dichloromethane (350 ml) at 

10 room temperature, and the mixture was stirred for 60 minutes. A solution of 2-methoxyaniline (40.6 g ( 330 mmol) in 
dichloromethane (30 ml) was added dropwise to the reaction mixture and the whole was stirred for 2 hours at room 
temperature. After the reaction was quenched with ice-water, the organic layer was separated and the water layer was 
extracted with dichloromethane. The combined organic layers were washed with 1 N hydrogen chloride solution, sat- 
urated sodium hydrogencarbonate solution and brine, and dried over magnesium sulfate. Removal of solvent under 

15 reduced pressure gave a colorless crystalline residue, which was washed with diisopropyl ether to give compound 1 1 0 
(69.4 g, 254 mmol, 84.6 %). 

Process 3 

20 [0461] DMF (27.4 g, 375 mmol) was added dropwise to phosphorus oxychloride (310 g, 2.0 mol) under ice-cooling, 
and the mixture was stirred for 30 minutes. Compound 110 (684 g, 250 mmol) was added to the reaction mixture and 
the whole was allowed to warm to room temperature and stirred for 30 minutes. After the reaction mixture was stirred 
for 18 hours at 75 °C. Removal of an excess of phosphorus oxychloride under reduced pressure gave the residue, 
which was added ice-water (500 ml) and extracted with ethyl acetate, washed with brine and saturated sodium hydro- 
ps gencarbonate solution and dried over magnesium sulfate. Removal of solvent under reduced pressure gave a crystal- 
line residue, which was washed with ice-cooled ethyl acetate to give compound 111 (45.1 g, 149 mmol) as colorless 
crystals. The second crystal (4.4 g, 14.6 mmol) was obtained after the filtrate was concentrated under reduced pressure. 
These crystals were combined to give compound 111 (65.6 %). 

30 Process 4 

[0462] 5 % palladium carbon (10 wt%) and triethylamine (24.6 g, 244 mmol) was added to a solution of compound 
111 (49.0 g, 162.4 mmol) in ethyl acetate (400 ml) - ethanol (800 mi) under ice-cooling. The reaction was stirred under 
1 atm of hydrogen atmosphere for 2 hours at room temperature. The reaction mixture was filtered through Celite, and 
35 the filtrate was concentrated under reduced pressure. After ethyl acetate (500 ml) and water (300 ml) were added to 
the residue, the organic layer was separated. The aqueous layer was extracted with ethyl acetate, and the combined 
organic layers were washed with brine and dried over magnesium sulfate. Removal of solvent under reduced pressure 
gave crude compound 112 (43.7 g) as pale orange crystals. 

*o Process 5 

[0463] Pyridine hydrochloride (100 g, 865 mmol) was added to the crude compound 112 (43.7 g), and the mixture 
was stirred at 180 °C for 1.5 hours. After cooling to room temperature, the reaction mixture was poured into ice-cooled 
dichloromethane (300 ml) - water (300 ml). After the whole was stirred for 30 minutes, the organic layer was separated 
45 and the aqueous layer was extracted with dichloromethane. The combined organic layers were dried over sodium 
sulfate. The pale yellow crystalline residue obtained by evaporation under reduced pressure was recrystallized from 
ethanol - diisopropyl ether. The 1st - 4th crystals were combined to give compound 113 (36.9 g, 145.7 mmol, 90.5 %) 
as pale yellow crystals. 

so Process 6 

[0464] Diisopropylamine (1.52 g, 15 mmol) was added to a solution of compound 113 (19.0 g, 75 mmol) in dichlo- 
romethane (500 ml) at room temperature. A solution of Af-bromosuccinimide (32.0 g, 180 mmol) in dichloromethane 
(1000 ml) was added dropwise, subsequently. After stirring for 2 hours, the reaction mixture was poured dropwise into 
55 ice-cooled 2 N hydrogen chloride (500 ml), and the organic layer was separated. The aqueous layer was extracted 
with dichloromethane and the combined organic layers were washed with brine and dried over magnesium sulfate. 
The residue obtained by evaporation under reduced pressure was recrystallized from ethanol - dichloromethane to 
give compound 114 (14.0 g, 34.1 mmol, 42.5 %) as pale orange crystals. 
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Process 7 

[0465] Potassium carbonate (1.97 g, 14.3 mmol) was added to a solution of compound 114 (4.9 g, 11.9 mmol) in 
DMF (30 ml), and the mixture was stirred for 30 minutes at room temperature. Ethyl bromide (2.6 g, 23.8 mmol) was 
5 added to the reaction mixture and the whole was stirred for 60 minutes at 60 °C. After cooling, the reaction mixture 
was poured into ice-water and extracted with ethyl acetate. The organic layer was washed with brine and dried over 
magnesium sulfate. Removal of solvent under reduced pressure gave crude compound 1 1 5 (4.07 g) as a dark brown oil. 

Process 8 

10 

[0466] Phenyl lithium (2 M cyclohexane solution, 8 ml, 16 mmol) was added dropwise to diethyl ether (120 ml), and 
the mixture was cooled to -78 °C. A solution of compound 115 (3.45 g, 7.9 mmol) in diethyl ether (60 ml) was added 
dropwise to the solution, and the whole was stirred for 30 minutes at -78 °C. C0 2 gas was bubbled through the reaction 
mixture for 60 minutes, which was allowed to warm 0 °C, neutralized with 2 N hydrogen chloride solution. After the 
15 mixture was alkalified with 2 N sodium hydroxide solution, the aqueous layer was washed with diethyl ether and acidified 
with 2 N hydrogen chloride solution. Precipitated colorless crystals were collected and washed with water and diiso- 
propyl ether to give compound 116 (880 mg, 2.2 mmol, 28 %) as colorless crystals. 

Process 9 

20 

[0467] 1 -Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (600 mg, 3. 1 2 mmol) and 1 -hydroxybenzotria- 
zote (410 mg, 3.12 mmol) were added to a solution of compound 116 (1.06 g, 2.6 mmol) in dichloromethane at room 
temperature, and the mixture was stirred for 30 minutes. Ethanol (10 ml) and triethylamine (316 mg, 3.12 mmol) were 
added to the reaction mixture and the whole was refiuxed for 60 minutes. After cooling, the reaction mixture was 
25 concentrated and extracted with ethyl acetate. The organic layer was washed with brine and dried over sodium sulfate. 
Removal of solvent under reduced pressure gave compound 117 (960 mg, 2.22 mmol, 85.4 %) as pale yellow crystals. 

Process 1 0 

30 [0468] A solution of compound 117 (432 mg, 1 mmol), copper cyanide (358 mg, 4 mmol), tetraethylammonium cya- 
nide (156 mg, 1 mmol), tris(dibenzylideneacetone)dipalladium (37 mg, 0.04 mmol) and 1,1'-bis(diphenylphosphino) 
ferrocene (89 mg, 0.16 mg) in dioxane (5 ml) was refiuxed for 4 hours. Tris(dibenzylideneacetone)dipalladium (37 mg, 
0.04 mmol) and 1,1'-bis(diphenylphosphino)ferrocene (89 mg, 0.16 mg) were added to the reaction mixture and the 
whole was refiuxed for 60 minutes. After cooling to room temperature, the mixture was diluted with ethyl acetate (30 

35 ml) and stirred for 1 0 minutes. The reaction mixture was filtered through Celite and the filtrate was washed with saturated 
sodium hydrogencarbonate solution and brine, and dried over magnesium sulfate. A crude product as a pale yellow 
oil obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions 
containing desired compound eluted with hexane - ethyl acetate (3:1 v/v) were concentrated under reduced pressure 
to give compound 118 (347 mg, 0.917 mmol, 91.7 %) as pale yellow crystals. 

40 

Process 11 

[0469] hydrogen chloride gas was bubbled through a solution of compound 118 (200 mg, 0.57 mmol) in chloroform 
(10 ml) - methanol (3 ml) under ice-cooling for 60 minutes. The reaction mixture was sealed up and allowed to stand 

45 for 5 days at 4 °C. Methanol (5 ml) and water (5 m!) were added to the reaction mixture and the whole was stirred for 
30 minutes at 50 °C. After cooling, the reaction was quenched with ice-water and extracted with chloroform. The organic 
layer was washed with brine and dried over sodium sulfate. A crude product as a colorless crystalline residue obtained 
by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions containing 
desired compound eluted with hexane - ethyl acetate (2:1 v/v) were concentrated under reduced pressure, to give 

so compound 119 (121 mg, 0.31 mmol, 53.6 %) as pale yellow crystals. 

Process 12 

[0470] Boron tribromide (1 M dichloromethane solution, 0.69 ml, 0.69 mmol) was added dropwise to a solution of 
55 compound 1 1 9 (99. 1 mg, 0.23 mmmol) in dichloromethane (5 ml) at -20 °C. After stirring for 30 minutes, boron tribromide 
(1 M dichloromethane solution, 0.69 ml, 0.69 mmol) was added dropwise to the reaction mixture. After stirring for 30 
minutes, 1 N hydrogen chloride solution and ice-water were added to the mixture and the whole was extracted with 
dichloromethane, washed with brine and dried over sodium sulfate. Removal of solvent under reduced pressure gave 
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a crystalline residue, which was recrystallized from ethyl acetate to give compound 1-139 (35 mg, 0.095 mmol, 41.3 
%) as pale yellow crystals. 

M.p.: 212 - 214 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 2 oH 1 7FN204(H 2 0) 1i 2 
Calcd. (%): C, 61.60; H, 5.01; N, 7.18; R 4.87. 
Found. (%): C, 61.59; H, 4.25; N, 7.07; F, 4.66. 

NMR (DMSO-cy 8: 1.37 (3H, t, J= 6.9 Hz), 4.23 (2H, s), 4.41 (2H, q, J = 6.9Hz), 7.10 - 7.20 (2H, m), 7.30 - 7.40 (2H, 
m), 7.49 (1H, brs), 8.04 - 8.12 (2H, m),8.68 - 8.72 (1H, m), 8.88 - 8.90(1 H, m), 11.3 - 11.5(1H, brs). 

Example 41 

Compound 1-140 

[0471] 
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Process 1 

[0472] A solution of 8-nitro quinoline (compound 120)(14.72 g, 84.52 mmol) in acetic acid (120 ml) was heated at 
110 °C and N-bromosuccinimide (16.55 g, 92.98 mmol) was added to the solution over 30 minutes, and the mixture 

5 was stirred for 2.5 hours. This reaction mixture was added to water (700 ml), and the precipitated crystals were filtered 
and washed with water (350 ml). The crystals were dissolved in methylene chloride (300 ml), and the solution was 
washed with water and dried over sodium sulfate. A crude product obtained by evaporation under reduced pressure 
was subjected to silica gel column chromatography. The fractions containing desired compound eluted with n-hexane 
- ethyl acetate - methylene chloride (20:2:5 v/v) were concentrated under reduced pressure to give compound 121 

10 (17.40 g, 68.76 mmol, 81 .4%) as pale yellow crystals. 

Process 2 

[0473] To a solution of compound 1 2 1 (22.00 g, 86.94 mmol) obtained by process 1 in ethanol ( 1 1 00- ml) were added 
15 water (66 ml), concentrated hydrochloric acid (66 ml) and iron powder (24.28 g, 434.8 mmol) at room temperature. 
The reaction mixture was refluxed for 1 hour and cooled to room temperature, and the insoluble materials were filtered 
off by passing through Celite pad. To the residue obtained by evaporation under reduced pressure were added 10 % 
sodium hydrogen carbonate solution (700 ml) and ethyl acetate (500 ml), and the mixture was stirred for 30 minutes. 
The insoluble materials . were filtered off by passing through Celite pad, and the organic layer obtained by filtration 
20 was washed with brine, dried over magnesium sulfate and decolorized with activated carbon. The solvent was con- 
centrated under reduced pressure to give compound 122 (18.11 g, 81.19 mmol, 93.4%) as pale yellow crystals. 

Process 3 

25 [0474] To compound 122 (2.67 g, 10.6 mmol) obtained by process 2 was added a solution of 54 wt% sulfuric acid 
(16 ml), and the mixture was sealed up. The reaction mixture was heated at 220 °C for 16 hours and then cooled. This 
reaction mixture was added to ice water (270 ml) and neutralized (pH=7.9) with 28 wt% aqueous ammonia (20 ml). 
Water (110 ml) was added to the mixture, and the precipitated crystals were stirred at room temperature for 30 minutes. 
The crystals were collected by filtration, washed with water (30 ml) and dried at 70 °C under reduced pressure for 1 

30 hour to give compound 123 as crude crystals (2.51 g). 

Process 4 

[0475] To a solution of compound 1 23 (2.51 g) obtained by process 3 in DMF (1 5 ml) was added potassium carbonate 
35 (1 .61 g, 1 1 .6 mmol), and the mixture was stirred at room temperature for 1 5 minutes. Methyl iodide (2.4 ml, 1 5.8 mmol) 
was added dropwise to the reaction mixture and the mixture was stirred at room temperature for 15 hours. To the 
reaction mixture were added water (60 ml) and 5 N hydrochloric acid (5 ml), and the mixture was extracted with meth- 
ylene chloride (200 ml x 2). The organic layer was washed with brine and dried over magnesium sulfate. Black oil 
obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions 
40 containing desired compound eluted with n-hexane - ethyl acetate (3: 1 v/v) were concentrated under reduced pressure 
to give compound 124 (1 .43 g, 5.99 mmol, 56.8% from compound 122) as colorless crystals. 

Process 5 

45 [0476] To zinc powder (420 mg, 6.4 mmol) were added THF (6 ml), 1 ,2-dibromoethane (0.026 ml, 0.30 mmol), benzyl 
bromide (0.76 ml, 6.1 mmol) and chlorotrimethylsilane (0.026 ml, 0.20 mmol), and the mixture was refluxed for 30 
minutes. This solution was added to a solution of compound 124 (580 mg, 2.44 mmol) in THF (19 ml). Then, triphenyl 
phosphine (64 mg, 0.24 mmol) and palladium acetate (27 mg, 0.12 mmol) were added to the reaction mixture, and the 
mixture was stirred at 60 °C for 15 minutes. The reaction mixture was cooled to room temperature, and 1 % sodium 

so hydrogen carbonate solution (80 ml) was added to the solution, and the mixture was extracted with ethyl acetate (50 
ml). The organic layer was washed with brine and dried over magnesium sulfate. The residue obtained by evaporation 
under reduced pressure was subjected to silica gel column chromatography. The fractions containing desired com- 
pound eluted with n-hexane - ethyl acetate (1 :2 v/v) were concentrated under reduced pressure to give compound 112 
(529 mg, 1 .98 mmol, 81 .0%) as yellow oil. 

55 

Process 6 

[0477] To compound 112 (3.995 g, 14.95 mmol) obtained by process 5 was added pyridine hydrochloride (17.28 g, 
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149.5 mmol), and the mixture was warmed up gradually to 180 °C and stirred for 30 minutes. The reaction mixture 
was gradually cooled to room temperature and allowed to stand for 1 4 hours. Water (1 20 ml) was added to the solution, 
and the mixture was extracted with methylene chloride (120 ml x 2). The organic layer was washed with brine, dried 
over sodium sulfate and evaporated under reduced pressure to give compound 113 (3.778 g, 14.92 mmol, 99.8%) as 
5 yellow oil. 

Process 7 

[0478] To a solution of compound 113 (22.96 g, 90.65 mmol) obtained by process 6 in methylene chloride (500 ml) 
10 was added dropwise diisopropylamine (12.7 ml, 90.62 mmol) and a solution of /V-bromosuccinimide (16.13 g, 90.62 
mmol) in methylene chloride (1000 ml) at room temperature. The reaction mixture was stirred at room temperature for 
1 hour. This reaction mixture was added to 2 N hydrochloric acid (1000 ml), and the precipitated crystals were filtered. 
The crystals were dissolved in ethyl acetate (1500 ml), washed with water (500 ml x 2) and dried over magnesium 
sulfate. The crude product by evaporation under reduced pressure was recrystallized with diisopropyl ether (180 ml) 
15 to give compound 125 (12.80 g, 38.53 mmol, 42.5%) as pale yellow crystals. 

Process 8 

[0479] To a solution of the crude crystal (579 mg, about 1 .8 mmol) of compound 125 obtained by process 7 in DMF 
20 (3.5 ml) was added potassium carbonate (276 mg, 2.0 mmol), and the reaction mixture was stirred at room temperature 
for 15 minutes. Methyl iodide (0.82 ml, 5.4 mmol) was added dropwise to the solution, and the mixture was stirred at 
room temperature for 1 .5 hours. Furthermore, methyl iodide (0.41 ml, 2.7 mmol) was added dropwise to the reaction 
mixture, and the mixture was stirred at room temperature for 1 hour. To the reaction mixture were added water (15 ml) 
and 2 N hydrochloric acid (3 ml), and the mixture was extracted with ethyl acetate (40+20 ml). The organic layer was 
25 washed with brine and dried over magnesium sulfate. The residual oil obtained by evaporation under reduced pressure 
was subjected to silica gel column chromatography. The fractions containing desired compound eluted with n-hexane 
- ethyl acetate (5:2 v/v) were concentrated under reduced pressure to give compound 126 (108 mg, 0.31 mmol, 17%) 
as colorless crystals. 

30 Process 9 

[0480] 1.59 M />butyllithium (13.0 ml, 20.7 mmol) in />hexane was added dropwise to ether (24 ml). This solution 
was cooled to -78 °C , and a solution of 2-bromothiazole (compound 128)(1.70 ml, 18.9 mmol) in ether (6 ml) was 
added dropwise to the solution. The reaction mixture was stirred at -78 °C for 20 minutes, and a solution of tri n-butyl 

35 tin chloride (5.20 ml, 19.2 mmol) in ether (6 ml) was added dropwise to the mixture. The reaction mixture was stirred 
for 1 hour and warmed up to 0 °C. 1 0 % Sodium hydrogen carbonate solution (24 ml) was added to the reaction mixture. 
The organic layer was separated and the aqueous layer was extracted with ether (24 ml). The combined organic layer 
was dried over sodium sulfate. The solvent was evaporated under reduced pressure (50 °C, 4 mmHg) to give yellow 
oil (7.15 g). This crude yellow oil (1.65 g) was purified by distillation (170 °C, 0.4 mmHg) to give compound 129 as a 

40 colorless oil (1 .28 g). 

Process 10 

[0481] To a mixture of compound 126 (100 mg, 0.29 mmol) obtained by process 8 and compound 129 (162 mg, 0.43 
45 mmol) obtained by process 9 in THF (5 ml) was added tetrakis(triphenylphosphine)palladium (0) (17 mg, 0.015 mmol) 
at room temperature, and the reaction mixture was sealed up and heated at 110 °C for 39 hours. The reaction mixture 
was cooled, and 10 % sodium hydrogen carbonate solution was added to the reaction mixture, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with brine and dried over magnesium sulfate. The residue 
obtained by evaporation under reduced pressure was subjected to silica gel column chromatography The fractions 
50 containing desired compound eluted with n-hexane - ethyl acetate (3:1 v/v) were concentrated evaporated under re- 
duced pressure to give compound 127 (84 mg, 0.24 mmol, 83.0%) as pale yellow oil. 

Process 1 1 

55 [0482] To compound 127 (84 mg, 0.24 mmol) obtained by process 10 was added pyridine hydrochloride (1.14 g, 
9.87 mmol), and the mixture was warmed up gradually to 180 °C and stirred for 10 minutes. The reaction mixture was 
gradually cooled to room temperature, and water was added to it. The mixture was extracted with methylene chloride. 
The organic layer was washed with 1 0 % sodium hydrogen carbonate solution and brine and dried over sodium sulfate. 
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The solvent was evaporated under reduced pressure to give yellow crystals (73 mg). The crude yellow crystals (63-mg) 
were recrystallized from ethyl acetate to give compound 1-140 as pale yellow crystals (39 mg). 
M.p.: 247 - 248 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 19 H 15 FN 2 OS 
5 Calcd. (%): C, 67.84; H, 3.90; F, 5.65; N, 8.33; S, 9.53. 
Found. (%): C, 67.77; H, 3.88; F, 5.78; N, 8.15; S, 9.45. 

NMR (DMSO-cfe) S: 4.21 (2H, s), 7.13-7.19 (2H, m), 7.36-7.41 (2H, m), 7.43 (1H, d, J=9.0 Hz), 7.83 (1H t d, J=3.0 Hz), 
7.99 (1H, d, J=9.0 Hz), 8.16 (1H, d, J=1.8 Hz), 8.36 (1H, d, J=9.0 Hz), 8.85 (1H, d, J=1.8 Hz). 

10 Example 42 

Compound 1-141 

[0483] 



20 



25 



30 




35 Process 1 

[0484] This process was carried out by process 5 of Example 40. 
Process 2 

40 

[0485] To a solution of compound 1 25 (4.81 g, 1 4.5 mmol) obtained by process 1 in DMF (30 ml) was added potassium 
carbonate (2.20 g, 15.9 mmol), and the mixture was stirred at room temperature for 30 minutes. Ethyl bromide (2.2 ml, 
29.5 mmol) was added to the reaction mixture and the mixture was warmed up gradually to 60 °C and stirred for 20 
minutes. The reaction mixture was gradually cooled to room temperature, and water (150 ml) was added to it. The 

45 mixture was extracted with ethyl acetate (200 ml) and washed with water (150 ml x 4) and dried over magnesium 
sulfate. The solvent was evaporated under reduced pressure, and the residual purple oil was subjected to silica gel 
column chromatography. The fractions containing desired compound eluted with />hexane - ethyl acetate - methylene 
chloride (5:1:3 v/v) were concentrated under reduced pressure to give yellow oil (5.06 g). This oil was subjected to 
silica gel column chromatography again. The fractions containing desired compound eluted with n-hexane - ethyl ac- 

50 etate (3:1 v/v) were concentrated under reduced pressure to give compound 130 (4.97 g, 13.8 mmol, 95.3%) as color- 
less crystals. 

Process 3 

55 [0486] 1 .8 M phenyl lithium (1 2.4 ml, 22.3 mmol) in ether - cyclohexane (7:3 v/v) was added dropwise to ether (1 60 
ml), and the mixture was cooled to -78 °C and then a solution of compound 130 (4.00 g, 11.1 mmol) in ether (60 ml) 
was added dropwise to the mixture over 3 hours. The reaction mixture was stirred at -78 °C for 30 minutes, and boric 
acid triisopropyl (6.4 ml, 27.7 mmol) was added dropwise to it, and the mixture was warmed up gradually to 0 °C. This 
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reaction mixture was added to 2 N hydrochloric acid (100 ml), and the precipitated crystals were stirred at room tem- 
perature for 1 hour. The crystals were collected by filtration and washed with ethyl acetate (30 ml) and water (15 ml), 
and dried at room temperature under reduced pressure to give compound 131 (1.97 g, 5.45 mmol, 49.1%) as yellow 
crystals. 

5 

Process 4 

[0487] To a solution (15 ml) of compound 131 (200 mg, 0.55 mmol) obtained by process 3 and 2-bromopyrimidine 
(147 mg, 0.92 mmol) in dimethoxyethane-ethanol (3:2 v/v) were added 2 M sodium carbonate solution (0.34 ml, 

10 0.68mmol) and tetrakis(triphenyl phosphine)palladium (0)(71 mg, 0.06 mmol) at room temperature, and the mixture 
was refluxed for 18 hours. The reaction mixture was cooled to room temperature and 2-. bromopyrimidine (147 mg, 
0.92 mmol) was added to it, and the mixture was refluxed for 10 hours. The reaction mixture was cooled, and water 
was added to it, and the mixture was extracted with ethyl acetate. The organic layer was washed with brine and dried 
over magnesium sulfate. The residue obtained by evaporation under reduced pressure was subjected to silica gel 

is column chromatography. The fractions containing desired compound eluted with n-hexane - ethyl acetate (1:3 v/v) 
were concentrated under reduced pressure to give compound 132 (106 mg, 0.29 mmol, 53.0%) as colorless oil. 

Process 5 

20 [0488] To compound 132 (106 mg, 0.29 mmol) obtained by process 4 was added pyridine hydrochloride (680 mg, 

5.9 mmol), and the mixture was warmed up gradually to 180 °C and stirred for 5 minutes. The reaction mixture was 
gradually cooled to room temperature, and water was added to it, and the mixture was extracted with ethyl acetate. 
The organic layer was washed with water, brine, dried over sodium sulfate and evaporated under reduced pressure 
to give compound I-002 (90 mg, 0.27 mmol, 92.0%) as yellow crystals. The crystals were recrystallized from ethyl 

25 acetate to give compound 1-1 41 as yellow crystals (49 mg). 

M.p.: 192 - 193 °C Recrystallization solvent: ethyl acetate 

Elemental analysis for CgoH^FNgO 

Calcd. (%): C, 72.50; H, 4.26; F, 5.73; N, 12.68. 

Found. (%): C, 72.08; H, 4.21; F, 5.40; N, 12.40. 
30 NMR (DMSO-d 6 ) 8: 4.19 (2H, s), 7.13-7.19 (2H, m), 7.36-7.40 (2H, m), 7.41 (1H, d, J=9.0 Hz), 7.56(1 H, t, J=5.1 Hz), 

8.10 (1H, d, J=2.1 Hz), 8.50 (1H, d, J=9.0 Hz), 8.84 (1H, d, J=2.1 Hz), 9.05 (2H, d, J=5.1 Hz), 14.41 (1H, s). 

ExaM.p.le 43 
35 CoM.p.ound 1-142 
[0489] 



40 



45 



50 



55 




134 135 136 
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Process 1 

[0490] To a solution of imidazole (compound 134)(6.80 g, 99.9 mmol) in THF (100 ml) was added N,N-diisopropyl- 
ethylamine (15.5 g, 120 mmol), and 2-(trimethylsilyl)-ethoxymethyl chloride (18.3 g, 110 mmol) was added dropwise 
s to the reaction mixture at room temperature. The mixture was stirred for 1 .5 hours and allowed to stand for 18 hours. 
Water (200 ml) was added to the reaction mixture and the mixture was extracted with ether (100 ml x 3). The organic 
layer was washed with brine and dried over sodium sulfate. A crude product obtained by evaporation under reduced 
pressure was distilled (124-126 °C, 5 mmHg) under reduced pressure to give compound 135 (12.4 g, 62.5 mmol, 
62.6%) as colorless oil. 

10 

Process 2 

[0491] 1.59 M n-butyllithium (7.0 ml, 11.1 mmol) in n-hexane was added dropwise to a solution of compound 135 
(2.00 g, 10.1 mmol) obtained by process 1 in TMF (50 ml) at 0 °C, and the mixture was stirred at room temperature 

15 for 1 .5 hours. The reaction mixture was cooled to 0 °C again and a solution of iodine (3.07 g, 12.1 mmol) in THF (25 
ml) was added dropwise to it, and then the mixture was stirred for 30 minutes. This reaction mixture was added to ice- 
cooled 0.1 N sodium thiosulfate solution (150 ml) and the mixture was extracted with ethyl acetate (100 ml x 2). The 
organic layer was washed with N sodium thiosulfate solution, water and brine successively and dried over magnesium 
sulfate. The residue obtained by evaporation under reduced pressure was subjected to silica gel column chromatog- 

20 raphy. The fractions containing desired compound eluted with hexane - ethyl acetate (3:1 v/v) were concentrated under 
reduced pressure to give compound 136 (1.21 g, 3.73 mmol, 37.0%) as light brown oil. 

Process 3 

25 [0492] To a solution (20 mi) of compound 131 (250 mg, 0.69mmol) obtained by process 3 of Example 42 and com- 
pound 136 (247 mg, 0.76 mmol) obtained by process 2 in dimethoxyethane - ethanol (3:2 v/v) were added 2 M sodium 
carbonate solution (1.04 ml, 2.08 mmol) and tetrakis(triphenyl phosphinejpalladium (0)(80 mg, 0.07 mmol) at room 
temperature, and then the mixture was refluxed for 12 hours. The reaction mixture was cooled to room temperature 
and allowed to stand for 1 2 hours. To the reaction mixture were added compound 1 36 (247 mg, 0.76 mmol), 2 M sodium 

30 carbonate solution (1.04 ml, 2.08 mmol) and tetrakis(triphenyl phosphine)palladium (0)(80 mg, 0.07 mmol), and the 
mixture was refluxed for 12 hours. The reaction mixture was cooled to room temperature and allowed to stand for 12 
hours. Water was added to the reaction mixture and the mixture was extracted with ethyl acetate. The organic layer 
was washed with brine and dried over magnesium sulfate. The residue obtained by evaporation under reduced pressure 
was subjected to silica gel column chromatography. The fractions containing desired compound eluted with hexane - 

35 ethyl acetate (1:1 v/v) were concentrated under reduced pressure to give compound 133 (104 mg, 0.22 inmol, 31.0%) 
as colorless oil. 

Process 4 

40 [0493] A solution of compound 133 (103 mg, 0.21 mmol) obtained by process 3 in methylene chloride (5 ml) was 
cooled to -20 °C. A solution (0.64 ml, 0.64 mmol) of 1 .0 M boron tribromide in methylene chloride was added dropwise 
to the solution and the mixture was warmed up to 0 °C and stirred for 15 minutes. Furthermore, a solution (0.64 ml, 
0.64 mmol) of 1 .0 M boron tribromide in methylene chloride was added to the reaction mixture again and the mixture 
was warmed up to room temperature and stirred for 30 minutes. This reaction mixture was added to ice-cooled 0.2 N 

45 hydrochloric acid (20 ml), and then neutralized (pH=7) with sodium hydrogen carbonate and was extracted with ethyl 
acetate. The organic layer was washed with water, brine and dried over sodium sulfate. A crude product obtained by 
evaporation under reduced pressure was recrystallized from ethyl acetate to give compound 1-1 42 (34 mg, 0.076 mmol, 
35.0%) as orange crystals. M.p.: 213 - 215 °C Recrystallization solvent: ethyl acetate 
Elemental analysis for C 19 H 14 FN 3 0 

50 Calcd. (%): C, 71.46; H, 4.42; F, 5.95; N, 13.16. 
Found. (%): C, 69.85; H, 4.27; F, 5.49; N, 12.63. 

NMR (CDCI 3 ) 5: 4.16 (2H, s), 6.99-7.05 (2H, m), 7.17-7.22 (2H, m), 7.25 (2H, s), 7.35(1H, d, J=8.7 Hz), 7.87 (1H, d, 
J=2.4 Hz), 8.33 (1 H, d, J= J=8.7 Hz), 8.69 (1 H, d, J=2.4 Hz). 

55 
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Example 44 
Compound 1-143 
5 [0494] 



10 




(HO) 2 B'^T NHCI 
OEt 131 



_ Process 1 _ Ji 
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Process 1 



[0495] To a solution of compound 131 (150 mg, 0.41 mmol) obtained by process 3 of Example 42 in ethanol (4 ml) 
was added 30 % hydrogen peroxide solution (0.24 ml, 2.1 mmol) at room temperature, and the mixture was stirred for 
30 minutes and allowed to stand for 12 hours. To the reaction mixture was added 1 N sodium thiosulfate solution (5 
ml), and the mixture was extracted with ethyl acetate. The organic layer was washed with 5 % sodium hydrogen car- 
bonate solution, brine and dried over sodium sulfate anhydride. A crude product obtained by evaporation under reduced 
pressure was recrystallized from diisopropyl ether to give compound 137 (75 mg, 0.25 mmol, 61.0%) as colorless 
crystals. 

Process 2 

[0496] A solution of compound 1 37 (63 mg, 0.21 mmol) obtained by process 1 in methylene chloride(6 ml) was cooled 
to 0 °C, and a solution (0.32 ml, 0.32 mmol) of aluminum chloride (283 mg, 2.1 mmol) and 1 .0 M ethanethiol in methylene 
chloride were added dropwise to the solution, and the mixture was warmed up to room temperature and stirred for 1 
hour. Ice-cooled 0.2 N hydrochloric acid (10 ml) was added to the reaction mixture, and the mixture was extracted with 
ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate and evaporated under reduced 
pressure to give compound 1-143 (36 mg, 0.13 mmol, 63.0%) as colorless crystals. The crystals were recrystallized 
from ethyl acetate to give compound 1-143 as colorless crystals (7 mg). 
M.p.: 184 - 185 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI 3 ) 8: 4.12 (2H, s), 6.98-7.04 (2H, m), 7.15-7.20 (2H, m), 7.26(1 H, d, J=8.7 Hz), 7.31 (1H, d, J= J=8.7 Hz), 
7.88 (1H, d, J=1.8 Hz), 8.61 (1H, d, J=1.8 Hz). 
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Example 45 
Compound 1-144 
5 [0497] 



10 



15 




Process 1 

[0498] 1 .8 M phenyl lithium(0.93 ml, 1 .7 mmol) In ether cyclohexane (7:3 v/v) was added dropwise to ether (20 ml), 
25 and the mixture was cooled to -78 °C, and a solution of compound 130 (300 mg, 0.83 mmol) obtained by process 2 of 
Example 42 in ether (10 ml) was added dropwise to the reaction mixture over 30 minutes. The mixture was stirred at 
-78 °C for 1 hour, and acetic aldehyde (0.3 ml, 4.2 mmol) was added to the reaction solution. The reaction mixture was 
warmed up gradually to room temperature. This reaction mixture was added to ice-cooled 1 % ammonium chloride 
solution (1 00 ml), and the mixture was extracted with ethyl acetate. The organic layer was washed with brine and dried 
30 over magnesium sulfate. The yellow oil obtained by evaporation under reduced pressure was subjected to silica gel 
column chromatography. The fractions containing desired compound eluted with n-hexane - ethyl acetate (3:1 v/v) 
were concentrated under reduced pressure to give compound 138 (114 mg, 0.33 mmol, 40.0%) as pale yellow oil. 

Process 2 

35 

[0499] Oxalyl chloride (0.10 ml, 1.1 mmol) was added to methylene chloride (4 ml_), and the mixture was cooled to 
-78 °C. A solution of dimethyisulfoxide (0.16 ml, 2.3 mmol) in methylene chloride (2 ml) was added dropwise to the 
reaction mixture over 5 minutes, and the mixture was stirred for 15 minutes. A solution of compound 138 (114 mg, 0.33 
mmol) obtained by process 1 in methylene chloride (4 ml) was added to the reaction mixture at -78 °C over 1 0 minutes, 

40 and the mixture was stirred for 30 minutes. To the reaction mixture was added dropwise triethylamine (0.63 ml, 4.5 
mmol) at -78 °C over 2 minutes, and the mixture was stirred for 15 minutes. The reaction mixture was warmed up 
gradually to 0 °C, and brine was added to it, and the mixture was extracted with ethyl acetate. The organic layer was 
washed with brine and dried over sodium sulfate. The residue obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography. The fractions containing desired compound eluted with n-hexane - 

45 ethyl acetate (4:1 v/v) were concentrated under reduced pressure to give compound 139 (65 mg, 0.19 mmol, 57.0%) 
as colorless oil. 

Process 3 

so [0500] To compound 139 (65 mg, 0.19 mmol) obtained by process 2 was added pyridine hydrochloride (550 mg, 4.8 
mmol), and the mixture was warmed up gradually to 1 80 °C and stirred for 10 minutes. The reaction mixture was cooled 
gradually to room temperature, and water was added to it, and the mixture was extracted with ethyl acetate. The organic 
layer was washed with water and dried over sodium sulfate, and evaporated under reduced pressure to give compound 
1-144 (54 mg, 0.18 mmol, 91.0%) as yellowish-brown crystals. The crystals were recrystallized from ethyl acetate to 

55 give compound 1-144 as dark yellow crystals (17 mg). 
M.p.: 87 - 88 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI 3 ) 5: 1.23 (3H, d, J=7.5 Hz), 3.15 (2H, d, J=7.5 Hz), 4.16 (2H, s), 7.00-7.05 (2H, m), 7.16-7.21 (2H, m), 
7.18 (1H, d, J=9.0 Hz), 7.77 (1H, d, J=2.1 Hz), 7.79 (1H, d, J=9.0 Hz), 8.85 (1H, d, J=2.1 Hz), 13.65 (1H, s). 
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Example 46 
Compound 1-145 
5 [0501] 



10 



15 




20 

Process 1 

[0502] To a solution of compound 1 1 4 (4. 1 g, 1 0.0 mmol) prepared in a same manner similar to procedure of Example 
25 40 in DMF (30 ml) were added potassium carbonate (1.66 g, 12.0 mmol) and methyl iodide (2.2 g, 15.0 mmol), and 
the mixture was stirred at 50 °C for 45 minutes. Water was added to the reaction mixture, and the precipitated crystals 
were filtered and washed with water. The crystals were dissolved in ethyl acetate, dried over magnesium sulfate and 
decolorized with activated carbon. The solvent was evaporated under reduced pressure to give a crude product (2.1 
g, 4.94 mmol, 49.4%) of compound 140 as light purple crystals. 

30 

Process 2 

[0503] 1 .8 M phenyl lithium (4.7 ml, 8.4 mmol) in ether - cyclohexane (7:3 v/v) was added to ether (80 ml) and cooled 
to -78 °C, and a solution of compound 140 (1 .8g, 4.2mmol) obtained by process 1 in ether (1 00ml) was added dropwise 

35 to the reaction mixture over 30 minutes. The reaction mixture was stirred at -78 °C for 30 minutes and C0 2 gas was 
injected to the reaction mixture for 60 minutes. The reaction mixture was warmed up to 0 °C, neutralized with hydro- 
chloric acid aqueous solution and alkalized with sodium hydroxide solution. The aqueous layer was washed with ether 
and neutralized with hydrochloric acid. The precipitated pale yellow crystals were filtered, washed with water and dried 
under reduced pressure. The crystals were washed with isopropyl ether to give compound 141 (760 mg, 1.95 mmol, 

40 46.4%) as colorless crystals. 

Process 3 

[0504] Compound 142 (720 mg, 1 .72 mmol, 90.6%) was prepared as pale yellow crystals in a same manner similar 
45 to procedure of process 9 of Example 40. 

Process 4 

[0505] To a solution of compound 142 (100 mg, 0.24 mmol) in acetonitrile (5 ml) were added sodium iodide (217 mg, 
50 2.0 mmol) and trimethytsilyl chloride (300 mg, 2.0 mmol) at room temperature, and the mixture was stirred for 5 minutes 

and then refluxed for 90 minutes. The reaction mixture was cooled to room temperature, and ice water was added to 

it, and the mixture was extracted with ethyl acetate. The organic layer was washed with sodium hydrogen sulfite solution 

and brine. The light purple crystals obtained by evaporation under reduced pressure were recrystallized with ethanol 

to give a title compound 1-145 (70 mg, 0.173 mmol72.2%) as pale yellow crystals. 
55 M.p.: 108-110 °C Recrystallization solvent: ethanol 

Elemental analysis for: C 19 H 15 BrFN0 3 

Calcd. (%): C, 56.45; H, 3.74; Br, 19.77; F, 4.70; N, 3.47. 

Found. (%): C, 56.31; H, 3.61; Br, 19.36; F, 4.50; N, 3.44. 
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NMR (CDCI 3 ) 5: 1.48 (3H, t, J=7.2 Hz), 4.22 (2H, s), 4.50 (2H, q, J=7.2Hz), 7.00-7.08 (2H, m), 7.15-7.24 (2H, m), 8.17 
(1H, s), 8.22 (1H, brs), 8.86 (1H, brs),11 .96(1 H, brs). 

Example 47 

Compound 1-146, 1-147 

[0506] 




| Process 3 



20 




Process 1 

25 

[0507] To a solution of compound 142 (500 mg, 1.2 mm) obtained by Example 46 in dioxane (6 ml) were added 
copper cyanide (430 mg, 4.8 mmol), 1,1'-bisdiphenyr phosphinoferrocene(107 mg, 0.19 mmol), trisdibenzylidene ac- 
etone dipalladium (0)(44.4 mg, 0.048 mmol) and tetraethylammonium cyanide (187 mg, 1.2 mmol), and the mixture 
was ref luxed for 2 hours. To the reaction mixture were added 1 , 1 '-bisdiphenyl phosphinoferrocene (1 07 mg, 0. 1 9 mmol) 

30 and trisdibenzylidene acetone dipalladium (0)(44.4 mg, 0.048 mmol), and the mixture was refluxed for 45 minutes. The 
reaction mixture was cooled to room temperature, and ethyl acetate (50 ml) was added to it. Insoluble materials were 
filtered off by passing through Celite pad. The organic layer was separated and washed with saturated sodium hydrogen 
carbonate solution and brine. The organic layer was dried over magnesium sulfate and the residue obtained by evap- 
oration under reduced pressure was subjected to silica gel column chromatography. The fractions containing desired 

35 compound eluted with n-hexane - acetic acid (3:1 v/v) were concentrated under reduced pressure to give compound 
143 (410 mg, 1.1 mmol, 90.3%) as pale yellow crystals. 

Process 2 



40 [0508] A solution of compound 143 (124 mg, 0.33 mmol) obtained by process 1 in acetonitrile (10 ml) was reacted 

by process 4 of Example 46 to give a title compound 1-146 (45 mg, 0.13 mmol, 39.4%) as pale yellow crystals. 

M.p.: 145 - 147 °C Recrystallization solvent: isopropylether 

Elemental analysis for C2oH 16 FN 2 03(H 2 0) 0 2 

Calcd. (%): C, 68.57; H, 4.32; F, 5.42; N, 8.00. 
45 Found. (%): C, 67.83; H, 4.18; F, 5.27; N, 7.85. 

NMR (CDCI3) 8: 1 .50 (3H, t, J=7.2 Hz), 4.23 (2H, s), 4.53 (2H, q, J=7.2Hz), 7.00-7.10 (2H, m), 7.15-7.24 (2H, m), 8.21 

(1H, s), 8.38 (1H, s), 8.94 (1H, brs), 1 2.50(1 H, m). 

Process 3 

50 

[0509] To a suspension of compound 143 (125 mg, 0.33 mmol) obtained by process 1 in ethanol (10 ml) was added 
1.0 M sodium ethoxide (400 ul, 0.4 mmol) with stirring under ice cooling. The reaction mixture was warmed up to 50 
°C and then stirred for 30 minutes. To the residue obtained by evaporation under reduced pressure were added ethyl 
acetate and hydrochloric acid. The aqueous layer was separated and extracted with ethyl acetate. The combined 
55 organic layer was washed with brine, dried over sodium sulfate, and the solvent was evaporated to give crude crystals 
of compound 144 (75 mg, 0.22 mmol, 67.6%). 
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Process 4 

[0510] A solution of compound 144 (65 mg, 0.19 mmol) obtained by process in acetonitrile (8 ml) was reacted with 

the same procedure as process 4 of Example 46 to give a title compound 1-147 (38 mg, 0.12 mmol, 62.0%) as pale 
5 yellow crystals. 

M.p.: 231 - 234 °C Recrystallization solvent: ethanol 

Elemental analysis for C 18 H 11 FN 2 O 3 (H 2 O) 0 5 

Calcd. (%): C, 65.26; H, 3.65; R 5.73; N, 8.46. 

Found. (%): C, 65.37; H, 3.36; F, 5.65; N, 8.38. ' 
10 NMR (DMSO-d 6 ) 6: 4.22 (2H, s), 7.10-7.20 (2H, m), 7.32-7.40 (2H, m), 7.98-8.02 (1H, bm),8.19 (1H, s),8. 68-8.72(1 H, 

m). 

Example 48 
15 Compound 1-148, 1-149, 1-150 
[0511] 



20 



25 



30 



35 



40 




Process 1 

^5 [0512] Compound 142 (837.0 mg, 2.0 mmol) which was prepared by Example 46, palladium acetate (22.5 mg, 0.1 
mmol), tritolylphosphine (61.0 mg, 0.2 mmol), triethylamine (808.0 mg, 8.0 mmol) and methyl acrylate (448.0 mg, 5.2 
mmol) were sealed up, and the reaction mixture were heated at 110 °C for 16 hours. The reaction mixture was cooled 
to room temperature and diluted with ethyl acetate (30 ml) ,and the mixture was stirred for 30 minutes. Insoluble ma- 
terials were filtered off by passing through Celite pad, and the filtrate was washed with brine. The organic layer was 

50 dried over sodium sulfate, and the residue obtained by evaporation under reduced pressure was subjected to silica 
gel column chromatography. The fractions containing desired compound eluted with hexane - acetic acid (3:1 v/v) were 
concentrated under reduced pressure to give compound 145 (582 mg, 1.38 mmol, 68.8%) as pale yellow crystals. 

Process 2 

55 

[0513] To a solution of compound 145 (100 mg, 0.24 mmol) obtained by process 1 in methylene chloride (5 ml) was 
added dropwise a solution of 1 .0 M boron tribromide in methylene chloride (0.28 ml, 0.28 mmol) under ice-cooling, and 
the mixture was warmed up to 0 °C and stirred for 1 5 minutes. To the reaction mixture was added a solution of 1 .0 M 
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boron tribromide in methylene chloride (0.10 ml, 0.10 mmol), and the mixture was warmed up to room temperature 
and stirred for 30 minutes. This reaction mixture was added to ice-cooled 0.2 N hydrochloric acid (20 ml), and the 
mixture was neutralized (pH=7) with sodium hydrogen carbonate and extracted with ethyl acetate. The organic layer 
was washed with water and brine .dried over sodium sulfate. A crude product obtained by evaporation under reduced 
5 pressure was recrystallized from isopropyl ether to give a title compound 1-148 (30 mg, 0.073 mmol, 30.6%) as pale 
yellow crystals. 

M.p.: 102 - 105 °C Recrystallization solvent: isopropyl ether 
Elemental analysis for C 23 H 20 FNO 5 (H 2 O) 0 6 
Calcd. (%): C, 65.74; H, 5.09; F, 4.52; N, 3^33. 
10 Found. (%): C, 65.46; H, 4.73; F, 4.32; N, 3.33. 

NMR (CDCI 3 ) 5: 1.50 (3H, t, J=7.5 Hz), 3.86 (3H, s), 4.21 (2H, s), 4.52 (2H, q, J=7.5Hz), 6.51(1H, d, J=15.6Hz), 
6.98-7.16 (2H, m), 7.14-7.22 (2H, m), 8.20-8.30 (3H, m), 8.89 (1H, brs), 12.26(1H, m). 

Process 3 

15 

[0514] To a solution of compound 145 (111 mg, 0.26 mmol) obtained by process 1 in dioxane (5 ml) was added 1 N 
hydrochloric acid, and the mixture was ref luxed for 2 hours. The solvent was evaporated, and the residue was extracted 
with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate. The crude crystals obtained 
by evaporation under reduced pressure were subjected to silica gel columnchromatography. The fractions containing 
20 desired compound eluted with methanol - ethyl acetate (1:10 v/v) were concentrated under reduced pressure to give 
compound 146 (40 mg, 0.1 mmol, 38.5%) as pale yellow crystals. 

Process 4 

25 [0515] A solution of compound 146 (35 mg, 0.085 mmol) obtained by process 3 in methylene chloride (5 ml) was 
reacted with a same manner similar to process 2 of Example 48. A crude product was recrystallized from methanol - 
methylene chloride to give a title compound 1-149 (15 mg, 0.038 mmol, 44.6%) as pale yellow crystals. 
M.p.: 248 - 250 °C Recrystallization solvent: methanol- methylene chloride 
Elemental analysis for C 22 H 18 FN 2 O 5 (H 2 O) 0 5 

30 Calcd. (%): C, 65.34; H, 4.74; F, 4.70; N, 3.46. 
Found: (%): C, 65.38; H, 4.48; F, 4.69; N, 3.53. 

NMR (DMSO-d 6 ) 5: 1.38 (3H, t, J=7.2 Hz), 4.27 (2H, s), 4.41 (2H, q, J=7.2Hz), 6.52(1 H, d, J=15.6Hz), 7.08-7.20 (2H, 
m), 7.34-7.48 (2H, m), 8.18-8.28 (2H, m), 8.58-8.64 (1H, m), 8.90(1H, brs), 12.51(1H, m). 

35 Process 5 

[0516] To a solution of compound 145 (108 mg, 0.26 mmol) obtained by process 1 in ethanol (5 ml) was added 1 N 
sodium hydroxide (1.12 ml, 1.12 mmol) under ice-cooling, and the mixture was allowed to stand for 15 hours. The 
reaction mixture was concentrated under reduced pressure, and water (30 ml) and ether (30 ml) were added to the 
40 solution. After being stirred for few minutes, the aqueous layer was separated. The aqueous layer was acidified with 
2 N hydrochloric acid (3 ml, 3 mmol), and the solution was extracted with ethyl acetate, washed with brine, dried over 
sodium sulfate and evaporated to give compound 147 (94.5 mg, 0.25 mmol, 99.1%) as pale yellow crystals. 

Process 6 

45 

[0517] A solution of compound 147 (94.5 mg, 0.25 mmol) obtained by process 5 in methylene chloride (5 ml) was 
reacted with a same manner similar to process 2 of Example 47. A crude product obtained was recrystallized from 
methanol - methylene chloride to give a title compound 1-150 (15 mg, 0.04 mmol, 16.3%) as pale yellow crystals. 
M.p.: 226 - 228 °C Recrystallization solvent: ethanol 
50 NMR (DMSO-d 6 ) 5: 4.33 (2H, s), 6.45(1H, d, J=15.3Hz), 7.04-7.22 (2H, m), 7.30-7.50 (2H, m), 8.10-8.44 (2H, m), 
8.50-9.10 (2H, m), 1 2.40(1 H, brs). 
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Example 49 
Compound 1-151, 1-152 
5 [0518] 




[0519] To a solution of compound 145 (100 mg, 0.24 mmol) synthesized with the same procedure as process 1 of 
25 Example 48 in ethyl acetate (3.0 ml) was added 5 % palladium carbon (10 mg, 10 %w) under ice-cooling and the 
mixture was stirred at room temperature for 5hr. under hydrogen atmosphere. 5 % palladium carbon (10 mg, 10 %w) 
was added and then the mixture was stirred for 5 hours. After reaction was completed, the reaction mixture was filtered 
and the residue by evaporation under reduced pressure was subjected to silica gel column chromatography The frac- 
tions containing desired compound eluted with hexane - ethyl acetate (2:1 v/v) were concentrated under reduced 
30 pressure to give compound 148 (62 mg, 0.15 mmol, 62.5%) as pale yellow crystals. 

Process 2 

[0520] A solution of compound 1 48 (85 mg, 0.2 mmol) obtained by process 1 in methylene chloride (5 ml) was reacted 
35 with a same manner similar to process 2 of Example 48. A crude product obtained was recrystallized from isopropyl 

ether to give a title compound 1-151 (42 mg, 0.10 mmol, 51.0%) as pale yellow crystals. 

M.p.: 72 - 75 °C Recrystallization solvent: isopropyl ether 

Elemental analysis for C 23 H 22 FN 2 O 5 (H 2 O) 0 7 

Calcd. (%): C, 65.15; H, 5.56; F, 4.48; N, 3.30. 
40 Found. (%): C, 65.11; H, 5.06; F, 4.23; N, 3.31. 

NMR (CDCI 3 8: 1 .47 (3H, t, J=7.2Hz), 2.66(2H, t, J=7.8Hz), 3.24(2H, t, J=7.8Hz), 3.68 (3H, s), 4.21 (2H, s), 4.49 (2H, 

q, J=7.2Hz), 6.98-7.10 (2H, m), 7.14-7.22 (2H, m), 7.75 (1H, s), 8.08 (1H, s), 8.93 (1H, brs), 11. 86(1 H, brs). 

Process 3 

45 

[0521] A solution of compound 148 (68 mg; 0.16 mmol) obtained by process 1 in dioxan (5.0 ml) was reacted with 
a same manner similar to process 3 of Example 48. A crude product obtained was recrystallized from isopropyl ether 
to give compound 149 (35 mg, 0.085 mmol, 53.2%) as pale yellow crystals. 

so Process 4 

[0522] A solution of compound 149 (35 mg, 0.085 mmol) obtained by process 3 in methylene chloride (5 ml) was 
reacted with a same manner similar to process 2 of Example 48. A crude product obtained was recrystallized from 
ethanol - isopropylether to give compound 1-152 (24 mg, 0.06 mmol, 71.1%) as pale yellow crystals. 
55 M.p.: 214 - 216 °C Recrystallization solvent: ethanol isopropyl ether 
Elemental analysis for C22H 2 oFN0 5 (H 2 0) 0 2 
Calcd. (%): C, 65.89; H, 5.13; F, 4.74; N, 3^49. 
Found. (%): C, 65.72; H, 4.90; F, 4.63; N, 3.46. 
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NMR (DMSO-d 6 ) 5: 1 .37 (3H, t, J=6.9Hz), 2.58(2H. t, J=7.5Hz), 3.1 7(2H, t, J=7.5Hz), 4.24 (2H, s), 4.39 (2H, q, J=7.2Hz), 
7.10-7.20 (2H, m), 7.36-7.44 (2H, m), 7.68 (1H, s), 8.35-8.41 (1H, m), 8.82-8.88 (1H, s), 11.14(1H, s), 12.21(1H,s). 

Example 50 

Compound 1-153, 1-154 

[0523] 




OH 
1-154 



Process 1 

[0524] Compound 59 was reacted with a same manner similar to process 5 of Example 18 to give compound 150 
(2.5 g, 8.9 mmol, 44.5%) as colorless crystals. 

Process 2 

[0525] Compound 150 (2.5 g, 8.9 mmol) obtained by process 1 was reacted with a same manner similar to process 
9 of Example 40 to give compound 151 (667 mg, 2.1 mmol, 24.1%) as pale yellow crystals. 

Process 3 

[0526] Compound 151 obtained by process 2 was reacted with a same manner similar to process 2 of Example 18 
to give compound 152 (345 mg, 0.89 mmol, 42.2%) as pale yellow crystals. 
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Process 4 



[0527] To zinc powder (210 mg, 3.2 mmol) were added THF (3.0 ml), 1 ,2-dibromoethane (0.012 ml, 0.15 mmol), 
benzyl bromide (210 mg, 3.23 mmol) and chlorotrimethylsilane (0.0125 ml, 0.10 mmol), and the mixture was refluxed 

5 for 30 minutes. This reaction mixture was added to a solution of compound 152 (345 mg, 0.89 mmol) obtained by 
process 3 in THF (10.0 ml). Triphenylphosphine (26.0 mg, 0.1 mmol) and palladium acetate (11 .0 mg, 0.05 mmol) were 
added to the reaction mixture and the mixture was stirred at 60 °C for 1 0 minutes. The reaction mixture was cooled to 
room temperature, and 1 % sodium hydrogen carbonate solution (40 ml) was added to it, and the mixture was extracted 
with ethyl acetate (50 ml). The organic layer was washed with brine and dried over magnesium sulfate. The residue 

10 obtained by evaporation under reduced pressure was subjected to silica gel column chromatography. The fractions 
containing desired compound eluted with n-hexane - ethyl acetate (3:1 v/v) were concentrated under reduced pressure 
to give compound 153 (179 mg, 0.4 mmol, 45.0%) as yellow oil. 



15 

[0528] Compound 153 obtained by process 4 was reacted with a same manner similar to process 2 of Example 19 
to give a title compound 1-153 (40.0 mg, 0.092 mmol, 23.1%) as pale yellow crystals. 
M.p.: 137 - 139 °C Recrystallization solvent: isopropyl ether 
Elemental analysis for C 2 6H2iF2NO 3 (EtOAc) 0 4 
20 Calcd. (%): C, 70.73; H, 5.20; F, 8.11; N, 2.99. 
Found. (%): C, 70.71; H, 4.75; F, 7.87; N, 3.10. 

NMR (CDCI 3 5 : 1.46 (3H, t, J=7.2 Hz), 4.06 (2H, s), 4.19 (2H, s), 4.48 (2H, q, J=7.2Hz), 6.80-7.08 (8H, m), 7.68-7.74 
(2H, m), 8.81-8.84 (1H, m), 11.90(1H, s). 

25 Process 6 

[0529] To a solution of compound 1 53 (400.0 mg, 0.92 mmol) obtained by process 4 in ethanol (1 5.0 ml) was added 
4 N lithium hydroxide (1 ml, 4 mmol), and the mixture was refluxed for 40 minutes. To the crude crystals obtained by 
evaporation under reduced pressure were added water (10.0 ml) and 2 N hydrochloric acid (3 ml, 6 mmol) with stirring. 
30 The slurry of whitish crystals were filtered to give compound 154(380 mg, 0.91 mmol, 98.5%) as colorless crystals. 



[0530] Compound 154 (139 mg, 0.33 mmol) obtained by process 6 was reacted with a same manner similar to 
35 process 6 of Example 18. The colorless crystals were recrystallized with ethyl acetate to give a title compound 1-154 
(85.0 mg, 0.21 mmol, 63.5%). 

M.p.: 207- 209 °C Recrystallization solvent: isopropyl ether 
Elemental analysis for C 2 4H 17 F2N0 3 (H 2 0)o.2(EtOAc) 0 15 
Calcd. (%): C, 69.98; H, 4.44; F, 9.00; N, 3.32. 
40 Found. (%):C, 69.87; H, 4.08; F, 8.78; N, 3.43. 

NMR (DMSO-d 6 ) 8: 4.16 (2H, s), 4.26 (2H, s), 7.00-7.22 (6H, m), 7.22-7.32 (2H, m), 7.74 (1H, s), 8.26-8.32 (1H, m), 
8.80-8.84 (1H, m). 



Process 5 



Process 7 



Example 51 



45 



Compound 1-155 



[0531] 



50 



Et 




55 



OH 



1-155 



[0532] Compound 1-1 55 was prepared in a same manner similar to Example 23. 
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Compound 1-155 

[0533] M.p.: 78 - 80 °C Recrystallization solvent: isopropyl ether 

Elemental analysis for C 21 H 2 oFN03 

Calcd. (%): C, 71.37; H, 5.70; F, 5.38; N, 3.96. 

Found. (%): C, 71.03; H, 5.71; F, 5.63; N, 3.84. 

NMR (CDCI 3 ) (5: 1 .29 (3H, t, J=7.5 Hz), 1 .47 (3H, t, J=6.9 Hz), 2.91 (2H, q, J=6.9Hz), 4.19 (2H, s), 4.48 (2H, q, J=7.5Hz), 
6.98-7.06 (2H, m), 7.14-7.20 (2H, m), 7.70 (1H, s), 7.98-8.02 (1H, m), 8.84-8.88 (1H, m), 11. 80(1 H, s). 

Example 52 

Compound 1-156 

[0534] 





Process 6 




Process 8 




Process 1 

[0535] Phenyl propionate (7.4 g, 60 mmol) was reacted with a same manner similar to process 2 of Example 40 to 
give compound 156 (13.6 g, 53.3 mmol, 88.8%) as light pink crystals. 

Process 2 

[0536] Compound 156 (13.0 g, 51 mmol) obtained by process 1 was reacted with a same manner similar to process 
3 of Example 40 to give compound 157 (9.0 g, 37.8 mmol, 74.1%) as pale yellow crystals. 
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Process 3 

[0537] Compound 157 (8.8 g, 31 mmol) obtained by process 2 was reacted with a same manner similar to process 

4 of Example 40 to give compound 158 (6.2 g, 24.9 mmol, 80.2%) as pale yellow crystals. 

5 

Process 4 

[0538] Compound 158 (1 .8 g, 7.2 mmol) obtained by process 3 was reacted with a same manner similar to process 

5 of Example 40 to give compound 159 (1 .5 g, 6.4 mmol, 89.0%) as pale yellow crystals. 

10 

Process 5 

[0539] Compound 159 (1 .55 g, 6.6 mmol) obtained by process 4 was reacted with a same manner similar to process 

6 of Example 40 to give compound 160 (1.95 g, 5.0 mmol, 75.2%) as pale yellow crystals. 

15 

Process 6 

[0540] To a solution of sodium hydride (180 mg, 4.5 mmol) in THF (90 ml) was added compound 160 (1.2 g, 3.0 
mmol) obtained by process 5 at room temperature, and the mixture was stirred for 2 hours. The reaction mixture was 

20 cooled to -78 °C and a solution of 1 .59 M /7-butyl lithium in />hexane solution (2.9 ml, 4.5 mmol) was added dropwise 
to the reaction mixture and stirred for 60 minutes. To the reaction mixture was added dropwise a solution of AMormyl 
piperidine (509 mg, 4.5 mmol) in THF (5.0 ml) and stirred for 30 minutes. And a solution (10.0 ml, 20 mmol) of 2 N 
hydrochloric acid in THF was added dropwise to the reaction mixture and warmed up to room temperature. The satu- 
rated sodium hydrogen carbonate solution was added to the mixture with stirring. The organic layer was separated 

25 and the aqueous layer was extracted with methylene chloride. The combined organic layer was dried over sodium 
sulfate. The orange crystals obtained by evaporation was washed with isopropyl ether to give compound 1 61 (720 mg, 
2.1 mmol, 70.2%). 

Process 7 

30 

[0541] To a solution of compound 161 (680 mg, 2.0 mmol) obtained by process 6 in benzene (20 ml) were added 
ethylene glycol (620 mg, 10.0 mmol) and p-toluenesulfonic acid (1.9 mg, 0.1 mmol), and the mixture was refluxed for 
5.5 hours. Water was added to the reaction mixture and the mixture was extracted with methylene chloride. The organic 
layer was washed with saturated sodium hydrogen carbonate solution and brine and dried over sodium sulfate. The 
35 solvent was evaporated to give compound 162 (430 mg, 1.1 mmol, 55.7%) as dark brown oil. 

Process 8 

[0542] To a solution of sodium hydride (51 mg, 1 .3 mmol) in THF (1 0 ml) was added dropwise a solution of compound 
40 1 62 (410 mg, 1.1 mmol) obtained by process 7 in THF (10 ml) at room temperature. The reaction mixture was stirred 
for 30 minutes, and methoxy methyl chloride (111.0 mg, 1.3 mmol) was added dropwise to the reaction mixture and 
stirred at 40 °C for 60 minutes. The reaction mixture was cooled to room temperature and ice water was added to it, 
and the mixture was extracted with methylene chloride. The organic layer was washed with brine and dried over sodium 
sulfate. Dark brown oil obtained by evaporation was subjected to silica gel column chromatography. The fractions 
45 containing desired compound eluted with n-hexane - ethyl acetate (3:1 v/v) were concentrated under reduced pressure 
to give compound 163 (260 mg, 0.6 mmol, 55.0%) as yellow oil. 

Process 9 

so [0543] 1 .8 M phenyl lithium(0.67 ml, 0.6 mmol) in ether - cyclohexane (7:3 v/v) was added dropwise to ether (15 ml) 
and cooled to -78 °C. A solution of compound 163 (250 mg, 0.6 mmol) in ether (5 ml) was added dropwise to the 
solution over 30 minutes. The reaction mixture was stirred at -78 °C for 30 minutes, and then CQ 2 gas was injected 
to it for 30 minutes, and the reaction mixture was gradually warm up to 0 °C . Saturated ammonium chloride solution 
(10.0 mi) was added to this reaction mixture and extracted with ethyl acetate, washed with brine and dried over sodium 

55 sulfate. The yellow crystals obtained by evaporation was washed with ethyl acetate - isopropyl ether, and recrystallized 
with ethanol to give a title compound 1-156 (35 mg, 0.11 mmol, 19.0%) as yellow crystals. 
M.p.: 247 - 249 °C Recrystallization solvent: ethanol 

NMR (DMSO-d 6 ) 8:4.36 (2H, s), 7.20-7.40 (5H, m), 8.59 (1H, s), 8.95 (1H, brs), 9.78-10.10 (2H, m). 
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Example 53 
Compound 1-157 
5 [0544] 



10 



15 




Process 1 

[0545] Compound 160 (2.1 g, 5.3 mmol) obtained by process 5 of Example 52 was reacted with a same manner 
25 similar to process 1 of Example 46 to give compound 164 (550 mg, 1 .35 mmol, 25.5%) as oil. 

Process 2 

[0546] Compound 164 (1 .1 g, 2.7 mmol) obtained by process 1 was reacted with a same manner similar to process 
30 8 of Example 40 to give compound 165 (440 mg, 1 .2 mmol, 43.8%) as colorless crystals. 

Process 3 

[0547] Compound 165 (410 mg, 1.1 mmol) obtained by process 2 was reacted with a same manner similar to process 
35 9 of Example 40 to give compound 166 (240 mg, 0.6 mmol, 55.0%) as pale yellow crystals. 

Process 4 

[0548] Compound 166 (100 mg, 0.25 mmol) obtained by process 3 was reacted with a same manner similar to 
40 process 4 of Example 46 to give a title compound 1-157 (48.0 mg, 0.124 mmol, 49.6%) as pale yellow crystals. 

M.p.: 104 - 106 °C Recrystallization solvent: ethyl acetate 

Elemental analysis for C 19 H 16 BrNO 3 (EtOAc) 0 2 

Calcd. (%): C, 58.88; H, 4.39; Br, 19.78; N, 3.47. 

Found. (%): C, 58.60; H, 3.95; Br, 19.93; N, 3.57. 
45 NMR (CDCI 3 ) S: 1.48 (3H, t, J=7.2 Hz), 4.25 (2H, s), 4.50 (2H, q, J=7.2Hz), 7.20-7.40 (5H, m), 8.15 (1H, s), 8.20-8.28 

(1H, m), 8.84-8.92 (1H, m), 11.95(1H, brs). 



50 



55 
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Example 54 
Compound 1-158, 1-159 
5 [0549] 




25 1-158 
Process 1 

[0550] Compound 18 (16.8 g, 66 mmol) was dissolved in a mixture of ethanol (100 m!) and water (100 ml). Lithium 
30 hydroxide (3.2 g, 134 mmol) was added to the reaction mixture and the mixture was refluxed for 4 hours. The solvent 
was evaporated under reduced pressure, and concentrated hydrochloric acid and sodium chloride were added, and 
the mixture was extracted with 2-butanone. The organic layer was washed with brine and dried over magnesium sulfate. 
The solvent was evaporated under reduced pressure to give a crude product of compound 16 (15.8 g, 99.0%). 
NMR (DMSO-d 6 ) 5: 2.53 (3H, s), 3.94 and 4.22 (3H, bs), 7.51 (1H, s). 

35 

Proce ss .2 

[0551] To a solution of compound 16 (4.0 g, 16.6 mmol) in THF (50 ml) was added triethylamine (2.0 g, 19.8 mmol) 
at room temperature. And a solution of chloroethyl formate (1.9 g, 17.5 mmol) in THF (5 ml) was added dropwise to 

40 the reaction mixture under ice-cooling. The mixture was stirred at 0 °C for 30 minutes, and the precipitated salts was 
removed by filtration, and the filtrate was added dropwise to 2 N ammonia (ethanol solution, 50 ml) under ice-cooling. 
The mixture was stirred at room temperature for 30 minutes, and the solvent was evaporated under reduced pressure, 
and the obtained residue was subjected to silica gel column chromatography and eluted with ethyl acetate - THF (1:1 
v/v). The fractions containing desired compound were concentrated under reduced pressure to give compound 167 

45 (3.32 g, 83.0%). 

NMR (DMSO-d 6 ) 8: 2.53 (3H, s), 4.00 and 4:36 (3H, bs), 7.50-7.80 (3H, m). 

Process 3 

so [0552] Compound 167 (3.3 g, 13.9 mmol) was dissolved in THF (50 ml), and Lawson reagent . (6.7g, 16.6 mmol) 
was added to the solution and refluxed for 1 hour. The reaction mixture was cooled and the solvent was evaporated 
under reduced pressure. Ice crush was added to the residue, and the mixture was acidified with concentrated hydro- 
chloric acid and washed with ethyl acetate. The aqueous layer was alkalized with sodium hydrogen carbonate and 
extracted with ethyl acetate. The organic layer was washed with water and brine and dried over magnesium sulfate. 

55 The solvent was evaporated under reduced pressure and crystallized with ether to give a crude product of compound 
168 (2.4 g, 67.0%). NMR (DMSO-d 6 ) 8: major; 2.53 (3H, s), 4.31 (3H, s), 7.67 (1H, s), 9.36 (1H, s), 9.99 (1H, s), 12.86 
(1H, s), minor; 2.53 (3H, s), 3.91 (3H, s), 7.46 (1H, s), 9.42 (1H, s), 10.07 (1H, s), 12.90 (1H, s). 



132 



EP 1 375 486 A1 



Process 4 

[0553] To a solution of compound 168 (2.4 g, 9.3 mmol) in THF (70 ml) was added diisopropyl ethylamine (1 .2 g, 9.3 
mmol) and methyl iodide (2.8 g, 20 mmol), and the mixture was stirred at 60 °C for 1 hour. The reaction mixture was 
5 added to ice water, and extracted with ethyl acetate. The organic layer was washed with saturated sodium hydrogen 
carbonate solution and brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure 
and crystallized from ether to give a crude product (2.1 g, 83.0%) of compound 169. 

NMR (DMSO-d 6 ) 6: major; 2.39 (3H, s), 2.53 (3H, s), 4.18 (3H, brs), 7.09 (1H, s), 10.07 (1H, s), 12.86 (1H, s), minor; 
2.36 (3H, s), 2.53 (3H, s), 4.00 (3H, brs), 7.20 (1H, s), 10.30 (1H, brs), 12.86 (1H, s). 

10 

Process 5 

[0554] A mixture of compound 169 (300 mg, 1.1 mmol) and p-fluoro phenyl hydrazide acetate (280 mg, 1.66 mmol) 
in acetic acid (5 ml) was refluxed for 1 hour. The solvent was evaporated under reduced pressure, and ethyl acetate 
15 was added to the residue, and the mixture was washed with saturated sodium hydrogen carbonate solution and brine. 
The mixture was dried over magnesium sulfate and, the residue obtained by evaporation under reduced pressure was 
subjected to silica gel column chromatography and eluted with ethyl acetate - methanol (50:1 v/v). The fractions con- 
taining desired compound were concentrated under reduced pressure and crystallized from ether to give compound 
170 (330 mg, 81.0%). 

20 NMR (DMSO-d 6 ) §: 2.53 (3H, s), 4.03 (2H, s), 4.36 (3H, brs), 7.08-7.18 (2H, m), 7.32-7.40 (2H, m), 7.78 (1H, s), 12.90 
(1H,brs), 13.45 (1H, brs). 

Process 6 

25 [0555] Compound 170 (300 mg, 0.81 mmol) was dissolved in acetic acid (6 ml), and 47 % hydrobromic acid (2 ml) 
was added to it. The mixture was refluxed for 4 hours. The solvent was evaporated under reduced pressure, and 
sodium hydrogen carbonate solution was added, and the mixture was extracted with ethyl acetate. The organic layer 
was washed with saturated sodium hydrogen carbonate aqueous solution and brine and dried over sodium sulfate. 
The residue obtained by evaporation was recrystallized from acetone to give compound 1-158 (200 mg, 70.0%) as 

30 colorless crystals. 

M.p.: 295 °C Recrystallization solvent: acetone 
Elemental analysis for C 17 H 13 CIFN 5 0 
Calcd. (%): C, 57.07; H, 3.66; N, 19.57; CI, 9.91; F, 5.31. 
Found. (%): C, 56.99; H, 3.59; N, 19.23; CI, 9.59; F, 5.15. 

35 NMR (DMSO-d 6 ) 5: 2.51 (3H, s), 4.11 and 4.23 (2H, brs), 7.10-7.25 (2H, m), 7.32-7.40 (2H, m), 7.67 and 7.74 (1H, 
brs), 11.73 (1H, brs), 12.89 and 13.00 (1H, brs), 14.28 (1H, brs). 

Process 7 

40 [0556] Compound 1-159 (100 mg, 69.0%) was obtained as colorless crystals from compound 1-158 (160 mg, 0.45 

mmol) by process 1 of Example 6. 

M.p.: 170 °C Recrystallization solvent: acetonitrile 

Elemental analysis for C 17 H 14 FN 5 0 • 0.4H 2 O 

Calcd. (%): C, 61.77; H, 4.51; N, 21.19; F, 5.75. 
45 Found. (%): C, 61 .77; H, 4.32; N, 21 .41 ; F, 5.79. 

NMR (DMSO-dfe) 5: 2.50 (3H, s), 4.14 (2H, s), 7.04 (1H, m), 7.10-7.20 (2H, m), 7.34-7.42 (2H, m), 7.50 (1H, d, J=8.7 

Hz), 12.30 (1H, brs), 12.56 (1H, brs). 
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Example 55 
Compound I-260, 1-161 
[0557] 




Process 1 

[0558] Compound 171 (220 mg, 32.0%) was obtained from compound 1-169 (500 mg, 1.85 mmol) and l-amino 
-3-(4-fluoro phenyl)- propane 2-on hydrochloride (560 mg, 2.75 mmol) by process 5 of Example 54. NMR (CDCI 3 ) 5: 
2.58 (3H, s), 3.99 (2H, s), 4.1 7 (3H, s), 6.72 (1 H, s), 6.96-7.03 (2H, m), 7.23-7.33 (2H, m), 7.94 (1 H, s). 

Process 2 

[0559] Compound 1-1 60 (410 mg, 94%) was obtained as colorless crystals from compound 171 (450 mg, 1.22 mmol) 
by process 6 of Example 54. 

M.p.: 193-195 °C (dissolve) Recrystallization solvent: acetone 
Elemental analysis for C 18 H 14 FN 4 0 • 0.5H 2 O 
Calcd. (%): C, 59.10; H, 4.13; N, 15.32; CI, 9.69; F, 5.19. 
Found. (%): C, 59.36;. H, 3.84; N, 15.22; CI, 9.79; F, 4.91. 

NMR (CDCI 3 ) 8 : 2.58 (3H, brs), 3.96 (2H, s), 6.68 (1H, s), 7.00-7.03 (2H, m), 7.21-7.30 (2H, m), 7.36 (1H, s). 
Process 3 

[0560] Compound 1-161 (300 mg, 83.0%) was obtained as colorless crystals from compound 1-160 (400 mg, 1.12 

mmol) by process 1 of Example 6. 

M.p.: 167 °C Recrystallization solvent : ethanol 

Elemental analysis for C 18 H 15 FN 4 0 • 0.7H 2 O 

Calcd. (%): C, 64.55; H, 4.94; N, 16.73; F, 5.67. 

Found. (%): C, 64.68; H, 4.87; N, 16.91; F, 5.42. 

NMR (DMSO-d 6 ) 8: 2.51 (3H, s), 3.94 (2H, brs), 6.95 (1H, brs), 7.02 (1H, d, J=8.1Hz), 7.10-7.20 (2H, m), 7.30-7.40 
(2H, m), 7.53 (1H, d, J=8.1Hz), 12.19 (1H, brs), 12.37 (1H, brs). 
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Example 56 
Compound 1-162, 1-163 
5 [0561] 



10 



15 



20 




Process 3 
TMS 



Process 1 

[0562] Compound 172 (5 g, 32.4 mmol) was dissoved in chloroform (30 ml) and acetonitrile (15 ml). A/,Odimethyl- 
30 hydroxyamine (3.48 g, 35.6 mmol), HOBt (4.8 g, 35.6 mmol), triethylamine (3.6 g, 35.6 mmol) and WSCD (5.5 g, 35.6 
mmol) were added to the solution. The reaction mixture was stirred at room temperature for 1 hour. The solvent was 
evaporated under reduced pressure. The obtained residue was subjected to silica gel chromatography and eluted with 
chloroform methanol (49:1 v/v). The fractions containing desired compound were concentrated under reduced pressure 
to give compound 173 (5.27 g, 82.0%). NMR (CDCI 3 ) 6: 3.19 (3H, s), 3.63 (3H f s), 3.74 (2H, s), 6.97-7.03 (2H, m), 
35 7.23-7.28 (2H, m). 

Process 2 

[0563] To a solution of trimethylsilylacetylene (982 mg, 10 mmol) in THF (10 ml) was added dropwise n- butyl lithium 
40 at -78 °C. The mixture was stirred for 30 minutes, and a solution of compound 173 (1 .97 g, 10 mmol) in THF (5 ml) 
was added to the reaction mixture and the mixture was warmed up to 0 °C. The reaction mixture was stirred for 30 
minutes, and ammonium chloride aqueous solution was added and extracted with ethyl acetate. The organic layer was 
washed with water, brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure to 
give a crude product (2.1 g) of compound 174. 

45 

Process 3 

[0564] To a solution of the crude product (2.1 g) of compound 1 74 in ethanol (1 0 ml) was added 40 wt% methylamine 
aqueous solution (20 mmol), and the mixture was stirred at room temperature for 1 hour. The solvent was evaporated 
so under reduced pressure and the residue was subjected to silica gel chromatography. The fractions containing desired 
compound eluted with ethyl acetate were concentrated under reduced pressure to give compound 175 (547 mg). The 
yield of process 2 and 3 was 26 %. 

NMR (CDCI 3 8: 2.77 (3H, bs), 3.07 (3H, bs), 3.60 (2H, s), 4.98 (1 H, d, J=12.3Hz), 6.95-7.01- (2H-, m),- 7.20-7.26 (2H, 
m), 7.60(1 H, d, J= 12.3Hz). 

55 

Process 4 

[0565] Compound 1 69 (1 .36 g, 5.04 mmol) of Example 54 was dissolved in ethanol (30 ml) and ammonium chloride 
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(280 mg, 5.24 mmol) was added to it, and the mixture was refluxed for 30 minutes. The solvent was evaporated and 
crystallized from ether to give quantitatively hydrochloride of amidine. This hydrochloride (280 mg, 1 mmol) was dis- 
solved in methanol (5 ml), and compound 175 (250 mg, 1.2 mmol) and 28 % sodium methoxide solution (methanol, 1 
ml, 5 mmol) were added to the solution and the mixture was refluxed for 6 hours. The mixture was cooled to room 

s temperature and added to saturated ammonium chloride solution, and the mixture was extracted with chloroform at 3 
times. The organic layer was washed with brine and dried over magnesium sulfate. The solvent was evaporated under 
reduced pressure. The obtained residue was subjected to silica gel column chromatography and eluted with chloroform 
- methanol (20:1 v/v). The fractions containing desired compound were concentrated under reduced pressure to give 
compound 176 (260 mg 68.0%). 

10 NMR (CDCI 3 ) 8: 2.59 (3H, s), 4.00 (3H, s), 4.16 (2H, s), 6.97-7.10 (3H, m), 7.25-7.31 (2H, m), 7.37 (1H, s), 8.72 (1H, 
d, J=5.1Hz). 



Process 5 



15 [0566] Compound 1-1 62 (220 mg,88%) was obtained as colorless crystals from compound 176 (260 mg, 0.68 mmol) 

by process 6 of Example 54. 

M.p.: 280 °C Recrystatlization solvent: acetone 

Elemental analysis for C 19 H 14 CIFN 4 0 

Calcd. (%): C, 61.88; H, 3.83; N, 15.19; CI, 9.61; F, 5.15. 
20 Found. (%): C, 61.60; H, 3.75; N, 15.03; CI, 9.69; F, 4.93. 

NMR (DMSO-d 6 ) 8 : 2.51 (3H, s), 4.25 (2H, s), 7.1 5-7.25 (2H, m), 7.35-7.46 (3H, m), 8.1 5 (1 H, s), 8.83 (1 H, d, J=5. 1 Hz), 

13.79 (1H,s). 



25 



30 



35 



Process 6 

[0567] Compound i-163 (60 mg, 55.0%) was obtained as colorless crystals from compound 1-162 (120 mg, 0.33 

mmol) by process 1 of Example 6. 

M.p.: 203 °C Recrystallization solvent: ethyl acetate 

Elemental analysis for C 19 H 16 FN 4 0 

Calcd. (%): C, 68.25; H, 4.52; N, 16.76; F, 5.68. 

Found. (%): C, 68.05; H, 4.42; N, 16.57; F, 5.43. 

NMR, (CDCI3) 8: 2.59 (3H, s), 4.13 (2H, s), 6.93 (1H, d, J=5.1Hz), 7.00-7.08 (2H, m), 7.13 (1H, d, J=5.1Hz), 7.24-7.30 
(2H, m), 8.30 (1H, d, J=8.7Hz), 8.59 (1H, d, J=5.1Hz). 

[0568] Compound I-I64 was prepared in same manner similar to Example 56. 



40 




^5 Compound 1-164 

A colorless crystal, the yield was 87 %. 

M.p.: 273 °C Recrystallization solvent: acetone 

Elemental analysis for C 20 H 16 CIFN 4 O 

Calcd. (%): C, 62.75; H, 4.21; N, 14.64; CI, 9.26; F, 4.96. 
50 Found. (%): C, 62.52; H, 4.18; N, 14.34; CI, 9.17; F, 4.70. 

NMR (DMSO-d 6 ) 8: 2.51 (3H, s), 3.06-3.20 (4H, m), 7.06-7.15 (2H, m), 7.26-7.36 (3H, m), 8.15 (1H, s), 8.78 (1H, d, 

J=5.4Hz), 13.02 (1H,s), 14.11 (1H, s). 
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Example 57 
Compound 1-165 
5 [0569] 




30 Process 1 

[0570] Compound 178(10.97g, 87.0%) was obtained from compound 177(10.1 g, 60 m mo!) by process 1 of Example 
56. 

NMR (CDCI 3 ) 5: 2.72 (2H, t, J=7.5Hz), 2.94 (2H, t, J=7.6Hz), 3.18 (3H, s), 3.61(3H, s), 6.94-7.00 (2H, m), 7.16-7.26 
35 • (2H, m). 

Process 2 

[0571] To a solution of lithium aluminum hydride (1 .31 g, 34.63 mmol) in THF (50 ml) was added dropwise a solution 
40 of compound 178 (6.65 g, 31 .48 mmol) in THF (10 ml) at -78 °C. The mixture was warmed up to 0 °C and stirred for 
1 hour. Potassium hydrogen sulfate solution was added, and the precipitate was filtered off, and the organic layer was 
separated, and dried over magnesium sulfate. The solvent was evaporated under reduced pressure to give a crude 
product (5.49 g) of compound 179. 

45 Process 3 

[0572] A solution of a crude product (5.49 g) of compound 179 and dimethyl formamide dimethylacetal (3.4 g, 31 
mmol) in DMF (20 ml) was stirred at 130 °C for 8 hours. Water was added to the reaction mixture, and the mixture was 
extracted with diethyl ether and dried over magnesium sulfate. The solvent was evaporated under reduced pressure, 
so and the obtained residue was subjected to silica gel column chromatography. The fractions containing desired com- 
pound eluted with ethyl acetate were concentrated to give compound 180 (588 mg, 9.0%). 
NMR (CDCI3) 5: 3.04 (6H, s), 3.80 (2H, s), 6.73 (1H, s), 6.91-6.96 (2H, m), 7.06-7.12 (2H, m), 9.03 (1H, s). 

Process 4 

55 

[0573] Compound 181 (240 mg, 63.0%) was obtained from compound 180 (250 mg, 1.2 mmol) by process 4 of 
Example 56. 

NMR (CDCI3) 8: 2.62 (3H, s), 3.99 (2H, s), 4.06 (3H, s), 7.00-7.08 (2H, m), 7.16-7.24 (2H, m), 7.74 (1H, s), 8.68 (2H, s). 
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Process 5 



[0574] Compound 1-165 (180 mg 78.0%) was obtained as colorless crystals from compound 181 (240 mg, 0.68 mmol) 

by process 6 of Example 54. 
5 M.p.: >300 °C Recrystallization solvent: acetone 

M.p.: 280 °C Recrystallization solvent: acetone 

Elemental analysis for C 19 H 14 CIFN 4 0 

Calcd. (%): C, 61.88; H, 3.83; N, 15.19; CI, 9.61; F, 5.15. 

Found. (%): C, 61.50; H, 3.69; N, 15. 02; CI, 10.02; F, 4.94. 
W NMR (DMSO-d 6 ) 6 : 2.51 (3H, s), 4.05 (2H, s), 7.12-7.20 (2H, m), 7.35-7.41 (2H, m), 8.11 (1H, s), 8.85 (2H, s), 13.00 

(1H, s), 13.78 (1H,s). 

[0575] Compound 1-166 was prepared in a same manner similar to Example 57. 



25 

Compound 1-166 

[0576] A colorless crystal, the yield was 65 %. 
M.p.: 293 °C Recrystallization solvent: acetone 
30 Elemental analysis for C 2 oH 17 CIN 4 0 

Calcd. (%): C, 65.84; H, 4.70; N, 15.36; CI, 9.72. 
Found. (%): C, 65.84; H, 4.57; N, 15.38; CI, 9.84. 

NMR (DMSO-d 6 ) 6: 2.51 (3H, s), 2.98 (4H,m), 7. 1 5-7.32 (5H, m), 8.1 0 (1 H, s), 8.78 (1 H, . s), 1 3.00 (1 H, s), 1 3.85 (1 H, s). 



40 



45 



50 



20 



15 




1-166 
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Example 58 
Compound 1-167 
[0577] 

CI CI 

Et0 2 C >iS k r N > HC^CJ^m ^ 

KXct SMe Process 1 k,X-c?~ SMe Process 2 

N & N 15 

182 183 



184 * N ^S 

185 



N-N Ts 



VSMe 





Process 4 ^D^N^V-N. Process 5 ^o^Sr^SrN 

XI >-SMe ° TTV8M8 



*N S N S 

186 H 

M67 

Process 1 

[0578] To a solution of dioxane- water (2:1 v/v, 60 ml) of com pound 182 (3. 93 g, 1 3.6 mmol) described in the document 
(J. Heterocycl. Chem., 21, 401-406, (1984)) was added lithium hydroxide (688 mg, 28.2 mmol) at room temperature, 
and the mixture was stirred for 2 hours. To the reaction mixture was added water (40 ml) at room temperature, and the 
mixture was acidified with 2 N hydrochloric acid. The precipitated crystals were filtered and washed with water to give 
compound 183 (3.42 g, 96.0%) as colorless crystals. 

Process 2 

[0579] Compound 184 (5.28 g, 84.0%) was obtained as light yellow crystals from compound 183 (3.42 g, 13.1 mmol) 
by process 2 of Example 9. 

Process 3 

[0580] Compound 185 (806 mg, 84.0%) was obtained as light blackish brown crystals from compound 184 (1.01 g, 
2.46 mmol) by process 3 of Example 9. 

Process 4 

[0581] A solution of compound 185 (514 mg, 1 .31 mmol) and sodium p-toluenesulfinic acid (706 mg, 3.96 mmol) in 
ethanol (20 ml) was refluxed for 25 hours. Water (40 ml) was added to the reaction mixture under ice-cooling. The 
precipitated crystals were filtered and washed with water. The obtained crude crystals were recrystallized from ethanol 
to give compound 186 (583 mg, 80.0%) as colorless crystals. 
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NMR (DNLSO-d 6 ) 5: 2.39 (3H, s), 2.87 (3H, s), 4.48 (2H ( s), 7.23 (2H, m), 7.46 (4H, m), 7.88 (2H, d, J=8.4 Hz), 8.83 
(1H,s). 

Process 5 

5 

[0582] To a solution of dioxane - water (5:1 v/v, 8.4 ml) of compound 186 (356 mg, 0.694 mmol) was added lithium 
hydroxide (33.7 mg, 1 .38 mmol) at room temperature, and the mixture was stirred for 24 hours. To the reaction mixture 
was added water (14 ml) under ice-cooling and the mixture was neutralized with 2 N hydrochloric acid. The precipitated 
crystals were filtered and washed with water. The obtained crude crystals were recrystallized from ethanol to give 

w compound 1-167 (126 mg, 43.0%) as dark yellow crystals. 
M.p.: 280 - 290 °C Recrystallization solvent rethanol 
Elemental analysis for C 17 H 12 FN 3 O3(H2O) 0 2 
Calcd. (%): C, 50.84; H, 3.04; N, 14.82; F, 5.03; S, 16.97. 
Found. (%): C, 50.55; H, 2.66; N, 14.63; F, 4.86; S, 17.08. 

15 NMR (DMSO-d 6 ) 5 : 2.73 (3H, s), 4.33 (2H, s), 7.20 (2H, m), 7.44 (2H, m), 8.39 (1H, s). 
IR (KBr) : 3442, 1603 cm* 1 . 

Example 59 

20 Compound 1-168 

[0583] 



30 



35 




1-1 68 



40 

Process 1 

[0584] A suspension of N, Odi methyl hydroxyl amine hydrochloride (467 mg, 4.78 mmol) in tetrahydrofuran (100 ml) 
was cooled at-78 °C, and 1.55 M n-butyllithium/n-hexane (6.2 ml, 9.61 mmol) was added dropwise to the suspension 

45 over 5 minutes, and the mixture was stirred for 3 minutes at the same temperature and for 12 minutes at 0 °C. The 
reaction mixture was cooled at -78 °C, and a solution of compound 77 (Refer to Example 29)(529 mg.2.39 mmol) in 
tetrahydrofuran (5 ml) was added to the reaction mixture and stirred for 15 minutes at the same temperature. Saturated 
ammonium chloride aqueous solution was added to the reaction mixture and extracted with ethyl acetate. The organic 
layer was washed with brine and dried over sodium sulfate. The residue obtained by evaporation under reduced pres- 

so sure was subjected to silica gel column chromatography and eluted with chloroform - methanol (100:1 v/v). The fractions 
containing desired compound were concentrated under reduced pressure to give compound 187 (495 mg). 
NMR (CDCI 3 ) 6 :3.39 (3H, s), 3.84 (3H, s), 4.42 (3H, s), 7.34 (1 H, dd, J=8.4, 4.7 Hz), 7.75 (1 H, d, J=8.4 Hz), 8.60 (1 H, 
d, J=4.7 Hz). 

55 Process 2 

[0585] A solution of 2-bromo5-(p-fluorobenzil)furan (578 mg, 2.27 mmol) in tetrahydrofuran (5 ml) was cooled to -78 
°C, and 1 .55 M />butyl!ithium/n-hexane (1 .4 ml, 2.17 mmol) was added dropwise to the solution over 2 minutes and 
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stirred for 13 minutes at the same temperature. A solution of compound 187 (480 mg, 2.03 mmol) in tetrahydrofuran 
(5 ml) was added to the reaction mixture and stirred at the same temperature for 6 hours. Saturated ammonium chloride 
aqueous solution was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The organic 
layer was washed with water , brine and dried over magnesium sulfate. The residue obtained by evaporation was 
5 subjected to silica gel column chromatography and eluted with hexane - ethyl acetate (3:2 v/v). The fractions containing 
desired compound were concentrated under reduced pressure to give compound 188 (400 mg). 
NMR (CDCI 3 ) S:4.10(2H, s), 4.57 (3H, s), 6.17 (1H, d, J=3.8 Hz), 6.99-7.06 (2H, m), 7.24-7.29 (2H, m), 7.42 (1H, dd, 
J=8.7, 4.5 Hz), 7.62 (1 H, d, J=3.8 Hz), 7.81 (1 H, dd, J=8.7, 1 .2 Hz), 8.64 (1 H, dd, J=4.5, 1 .2 Hz). 

10 Process 3 

[0586] A solution of compound 188 (136 mg, 0.387 mmol) in methylene chloride (3 ml) was cooled to 0 °C, and 1 .0 
M boron tribromide in methylene chloride (0.58 ml, 0.580 mmol) was added to the solution, and the mixture was stirred 
at the same temperature for 30 minutes. Saturated sodium hydrogen carbonate solution was added to the reaction 
15 mixture, and the mixture was extracted with chloroform. The organic layer was washed with brine and dried over sodium 
sulfate. The residue obtained by evaporation under reduced pressure was washed with a mixture of acetone - methanol 
(1:10) to give yellow solids (87 mg). And the solids were recrystallized from a mixture of acetone - methanol to give I- 
1 68 (34 mg) as yellow crystals. 

M.p.: 186-188 °C Recrystallization solvent: acetone - methanol 
20 NMR (CDCIg) 5:4.13 (2H, s), 6.26 (1H, d, J=3.8 Hz), 7.00-7.10 (2H, m), 7.24-7.30 (2H, m), 7.48 (1H, dd, J=8.6, 4.7 
Hz), 7.818 (1H, d, J=3.8 Hz), 7.823 (1H, dd, J=8.6, 1.1 Hz), 8.71 (1H, dd, J=4.7, 1.1 Hz). 

Example 60 

25 Compound 1-169 

[0587] 

30 O OO 

189 1-169 

35 

Process 1 

[0588] To a solution of 6,7-dihydroxy-5H- quinoline-8-on (compound 189) (147 mg, 1.0 mmol) described in the doc- 
40 ument (J. Chem. Soc, Perkin Trans. 1,1985, p213) in tetrahydrofuran (3 ml) was added 1 M lithium bis(trimethylsilyl) 
acetamide(1 .2 ml, 1 .2 mmol) in tetrahydrofuran under ice-cooling with dry ice. The mixture was stirred for 45 minutes, 
and acid chloride (239 mg, 1 .0 mmol) was added to the solution. The mixture was warmed up naturally and stirred for 
1 hour at room temperature. To the reaction mixture was added saturated ammonium chloride solution, and the mixture 
was extracted with ethyl acetate. The organic layer was washed with saturated ammonium chloride solution, brine and 
45 dried over magnesium sulfate. The residue obtained by evaporation under reduced pressure was subjected to silica 
gel column cinematography and eluted with ethyl acetate. The fractions containing desired compound were concen- 
trated under reduced pressure concentrate to give compound 1-169 (88 mg, 25.0%) as oil. 
Negative ESIMS m/z 348 (M-H) 
Positive ESIMS m/z 350 (M+H) 
so NMR (CDCI3) (enol-form : keto-form = 3 :1) 8: 2.88-3.05 (4H, m), 4.00 (0.25H, s), 4.05 (0.75H, s), 4.41 (0.25H, dd, 
J=5.0, 9.2 Hz), 6.14 (0.25H, d, J=3.3 Hz), 6.19 (0.75H, d, J=3.3 Hz), 6.9-7.5 (6H, m), 7.58 (0.75H, d, J=7.5 Hz), 7.68 
(0.25H, d, J=8.1 Hz), 8.68 (0.75H, d, J=5.1 Hz), 8.73 (0.25H, d, J=4.8 Hz). 
IR(neat): 3051, 1601, 1506, 1223, 1157, 1018,810, 735 cm' 1 . 

55 
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Example 61 



Compound 1-170 



[0589] 



HN 




Process 1 




Process 2 



CI OMe192 




Process- 3 



CI 193 



190 




o o 



Process 4 



194 



Process 5 




Process 1 



[0590] To a solution of compound 190 (5.45 g, 80.0 mmol) in methylene chloride (160 ml), were added diisopropyl 
ethylamine (20.9 ml, 1 20 mmol) and chloro methylmethyl ether (7.90 ml, 1 04 mmol) under ice-cooling, and the reaction 
mixture was stirred at room temperature for 18 hours. The reaction mixture was concentrated, and water was added 
to it, and the mixture was extracted with ethyl acetate. The organic layer was washed with water, saturated sodium 
hydrogen carbonate solution, brine and dried over sodium sulfate. The residue obtained by evaporation under reduced 
pressure was distilled (84-87 °C/6 mmHg) under reduced pressure to give compound 191 (3.06 g, 34.0%) as colorless 
oil. NMR (CDCI 3 ) 5: 3.28 (3H, s), 5.25 (2H, s), 7.06 (1H, t, J=1.2 Hz), 7.12 (1H, s), 7.61 (1H, s). 



[0591] Toasolution of compound 191 (1.12g, lO.Ommol) in tetrahydrofuran (40 ml) was added 1.55 M n-butyllithium/ 
n-hexane (6.77 ml, 1 0.5 mmol) at -40 °C, and the mixture was stirred at the same temperature for 30 minutes. A solution 
of Weinreb amide (2.00 g, 12.0 mmol) in tetrahydrofuran (8 ml) was added to the reaction mixture at -60 °C, and the 
mixture was stirred for 30 minutes at the same temperature. Water was added to the reaction mixture, and the mixture 
was extracted with ethyl acetate. The organic layer was washed with brine and dried over sodium sulfate. The residue 
obtained by evaporation under reduced pressure was subjected to silica gel column chromatography and eluted with 
n-hexane - ethyl acetate (1:1 v/v). The fractions containing desired compound were concentrated under reduced pres- 
sure to give compound 192 (2.19 g) as colorless oil. 



[0592] To a solution of compound 192 (2.14 g) obtained by process 2 in dioxane (30 ml) was added 6 N hydrochloric 
acid (10 ml), and the mixture was stirred at 80 °Cfor 3 hours. The solvent was evaporated and neutralized with sodium 
hydroxide aqueous solution. The precipitated crystals were filtered, washed with water and dried to give compound 
193 (840 mg. 49.0%) as colorless crystals. 

NMR (CDCI 3 ) 8: 2.23 (2H, quintet, J=6.9 Hz), 3.31 (2H, t, J=7.2 Hz), 3.65 (2H, t, J=6.6 Hz), 7.27 (2H, brs), 10.58 (1H, 
brs). 



[0593] To a solution of compound 193 (556 mg, 3.22 mmol) in acetonitrile (16 ml) were added potassium carbonate 
(890 mg, 6.44 mmol) and sodium iodide (480 mg, 3.20 mmol) under ice-cooling, and the mixture was stirred at room 
temperature for 3 hours and then it was stirred at 70 °C for 20 hours. The residue obtained by evaporation was subjected 
to silica gel column chromatography and eluted with chloroform - methanol (9:1 v/v). The fractions containing desired 
compound were concentrated under reduced pressure to give compound 194 (358 mg, 82.0%) as colorless crystals. 
NMR (CDCI3) 5: 2.39 (2H, m), 2.77 (2H, m), 4.26 (2H, m), 7.08 (1H, s), 7.34 (1H, d, J=0.9 Hz). 



Process 2 



Process 3 



Process 4 
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Process 5 

[0594] Compound 1-170 (69 mg, 20.0%) was obtained as yellow oil from compound 194 (136 mg, 1.00 mmol) by 
process 1 of Example 60. 
FAB MS m/z 339 (M+H)+ 

High resolution mass analysis for C 19 H 16 FN 2 0 3 
Calcd. (m/z):339.1145. 
Found. (m/z):339.1153. 

NMR (CDCI 3 ) (enol-form : keto-form = 1:1) 5: 2.50-2.62 and 2.72-2.86 (total 1H, both m), 3.28 (1H, t, J=7.2 Hz), 4.01 
and 4.05(total 2H, both s), 4.08-4.70 (total 3H, m) f 6.17 and 6.6.22 (total 1H, both d, J=3.6 Hz), 6.96-7.42 (7H, m). 
IR (neat) : 3014, 1660, 1508, 1227, 1213, 1205 cnx 1 . 

Example 62 

Compound 1-171 

[0595] 



2 N^P^COOH Process 1 0 2 N-Q^COOMe Process 2H 2 N-^< 



OH OMe OMe 

195 196 197 



Process ZH^^COOMe process 3 





Process 9 MeQOcr 




OH 

1-171 



Process 1 

[0596] To a solution of 3-nitro salicylic acid (51 g, 279 mmol) of compound 1 95 in DMF (250 ml) was added potassium 
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carbonate (77 g) and added dropwise dimethyl sulfate (58 ml) keeping under 25 °C. The reaction mixture was stirred 
over night at room temperature, and ammonium chloride solution was added to it, and the mixture was extracted with 
ethyl acetate. The extract was washed with water, brine and dried over magnesium sulfate. The solvent was evaporated 
under reduced pressure to give a crude product (56.3 g) of compound 196 as colorless crystals. 

5 

Process 2 

[0597] The crude product (56.3 g) of compound 196 was dissolved in a mixture of ethanol (200 ml) - dioxane (200 
ml) - water (40 ml). A suspension of 10 % palladium carbon (2.82 g) in water (20 ml) was added to the reaction mixture, 
w and the mixture was stirred for 5.5 hours under hydrogen atmosphere. The reaction mixture was filtered through celite 
pad, and the filtrate was evaporated under reduced pressure. Water (300 ml) was added to the residue, and the reaction 
mixture was extracted twice with ether. The extract was washed with water, brine and dried over magnesium sulfate. 
The solvent was evaporated under reduced pressure to give a crude product (48.4 g, 266 mmol) of compound 1 97 as oil. 

is Process 3 

[0598] Compound 1 98 (78.5 g, 237.0 mmol, 89. 1 %) was obtained as crystals from compound 1 09 (47.0 g, 279 mmol) 
of Example 40 and the crude product (48.4 g, 266 mmol) of compound 197 of Example 40. 
M.p.: 90 -92 °C 

20 

Process 4 

[0599] Compound 1 99 (24.2 g, 28.5%) was obtained as crystals from compound 1 98 (78.0 g, 235 mmol) by process 
3 of Example 40. 
25 M.p.: 126- 127 °C 

Process 5 

[0600] Compound 200(19.3 g, 89.2%) was obtained as crystals from compound 199 (23.9 g, 66.4 mmol) by process 
30 4 of Example 40. 
M.p.: 60 - 60.5 °C 

Process 6 

35 [0601] To a solution of Compound 200 (32.3 g, 99.2 mmol) in acetic acid (400 ml) were added sodium acetate (10.4 
g, 1 27 mmol) and a solution of bromine (5.62 ml, 1 09 mmol) in acetic acid (10 ml) was added dropwise over 1 5 minutes. 
The mixture was stirred at room temperature for 1 hour 40 minutes, and sodium acetate (10.4 g, 127 mmol) and a 
solution of bromine (5.62 ml, 109 mmol) in acetic acid (10 ml) were added to the reaction mixture in the same way. 
The mixture was stirred for 1 .5 hours, and sodium acetate (20.4 g, 249 mmol) was added to the reaction mixture, and 

40 the mixture was stirred under ice-cooling. To the reaction mixture were added 10 % sodium hydrogen sulfite aqueous 
solution (260 ml) and water (250 ml), and the mixture was stirred for 30 minutes. The precipitated crystals were filtered 
and washed with water. The obtained crystals were dissolved in ethyl acetate (600 ml) and washed successively with 
10 % sodium hydrogen sulfite aqueous solution, sodium hydrogen carbonate aqueous solution water, and dried over 
magnesium sulfate. The crystallized residue obtained by evaporation under reduced pressure was recrystallized from 

45 acetone - hexane to give compound 201 (37.4 g, 92.5 mmol, 93.2%) as crystals. 
M.p.: 110- 111 °C 

Process 7 

50 [0602] To a suspension of compound 201 (3.05 g, 7.55 mmol), palladium acetate (II) (339 mg, 1 .51 mmol) and 1 ,3-bis 
(diphenyl phosphino)propane (781 mg, 1.89 mmol) in dimethylsulfoxide (60 ml) were added triethylamine (10.5 ml, 
75.3 mmol) and water (15 ml) at room temperature. The mixture was stirred at room temperature for 30 minutes, and 
then it was stirred at room temperature for 1 hour under carbon monoxide atmosphere of 1 atm and 2 hours at 70 °C. 
The reaction mixture was diluted with ethyl acetate (120 ml) and water (120 ml), and it was filtrated through celite pad. 

55 The filtrate was washed with ethyl acetate (60 ml) and water (60 ml). Ethyl acetate was evaporated under reduced 
pressure, and 1 0 % citric acid solution (60 ml) was added to the residue. The precipitated crystals were filtered, washed 
with water and recrystallized from ethyl acetate - methanol (1:1 v/v) to give compound 202 (2.16 g, 58.5 mmol, 78.0%) 
as dark brown crystals. 
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Process 8 

[0603] To a suspension of compound 202 (199 mg, 0.539 mmol) and 1 -hydroxy benzotriazole (7.5 mg, 0.056 mmol) 
in DMF (2 ml) were added isopropyl amine (0.056 mi, 0.66 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (125 mg, 0.652 mmol) at room temperature, and the mixture was stirred for 90 minutes. Water (4 ml) 
was added dropwise to the reaction mixture at room temperature. The precipitated crystals were filtered and washed 
with water to give compound 203 (194 mg, 88.0%) as colorless crystals. 

Process 9 

[0604] To a solution of compound 203 (90.0 mg, 0.219 mmol) in methylene chloride (4.5 ml) was added dropwise 1 
M boron tribromide (0.880 ml, 0.880 mmol) in methylene chloride under ice-cooling, and the mixture was stirred for 30 
minutes. Water (9 ml) was added to the reaction mixture under ice-cooling. The precipitated crystals were filtered, 
washed with water and recrystallized with ethyl acetate to give a title compound 1-171 (31 .6 mg, 0.08mmol, 36.0%) as 
dark brown crystals. 

M.p.: 210 - 212 °C Recrystallization solvent: ethyl acetate 

NMR (DMSO-d 6 ) 8: 1.16 (6H, d, J=6.9 Hz), 3.93 (3H, s), 4.10 (1H, m), 4.23 (2H, s), 7.16 (2H, m), 7.35 (2H, m), 7.96 
(1H, s), 8.42 (1H, brd), 8.51 (1H, m), 8.90 (1H, m). 

[0605] Compound 1-172 to 1-179 were prepared in a same manner similar to Example 18 and Example 62. 



1-172 : R=NH 2 
9 OR M73 : R=NHMe 

frY^Y^iT^i M74 : R=NHEt 

MeOOC^V^N J 1-175 : R=NHn-Pr 

OH 1-176 : R=piperidine 

1-177: R=NHBn 
1-172- 1-179 1-178 :R=NMe 2 

1-179: R=OMe 



Compound 1-172 

[0606] M.p.: 247 - 249 °C Recrystallization solvent: methanol - isopropanol 

NMR (DMSO-d 6 ) 5: 3.93 (3H, s), 4.23 (2H, s), 7.15 (2H, m), 7.35 (2H, m), 7.48 (1H, brs), 8.06 (1H, brs), 8.11 (1H, s), 
8.73 (1H, d, J=4.2 Hz), 8.90 (1H, d, J=4.2 Hz). 

Compound 1-173 

[0607] M.p.: 219 - 221 °C Recrystallization solvent: methanol 

NMR (DMSO-d 6 ) 5: 2.81 (3H, d, J=4.2 Hz), 3.93 (3H, s), 4.22 (2H, s), 7.15 (2H, m), 7.35 (2H, m), 8.04 (1H, s), 8.52 
(1H, brt), 8.67 (1H, m), 8.90 (1H, m). 

Compound 1-174 

[0608] M.p.: 198-200 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI 3 ) 6 : 1.30 (3H, t, J=7.2 Hz), 3.49 - 3.59 (2H, m), 4.03 (3H, s), 4.14 (2H, s), 6.99 (2H, t, J=8.7 Hz), 7.14 - 
7.27 (2H, m), 8.02 (1 H, s) 8.64 (1H, d, J=2.1 Hz), 8.80 (1H, d, J=2.1 Hz). 

Compound 1-175 

[0609] M.p.: 190-193 °C Recrystallization solvent: acetone - ether 

NMR (CDCI3) 8: 1.02(3H, t, J=7.5Hz), 1.68(2H, m), 3.46(2H, m), 4.04(3H, s), 4.15(2H, s), 6.06(2H, m), 6.99(2H, m), 
7.17(1 H, m), 8.04(1 H, s), 8.64(1 H, s), 8.83(1 H,s). 
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Compound 1-176 

[0610] NMR (CDCI 3 ) 6: 1.00-1.60 (2H, m), 1.60-1.80 (4H, m) f 3.10-3.20 (2H, m), 3.40-4.00 (2H, m), 4.09 (3H, s), 
4.34 (2H, s), 7.04-7.21 (2H, m), 7.22-7.28 (2H, m), 8.06 (1H, s), 8.49 (1H, s), 9.45 (1H, d, J=1.5Hz). 

Compound 1-177 

[0611] M.p.: 228 - 230 °C Recrystallization solvent: methanol 

NMR (DMSO-d 6 ) 5: 3.92 (3H, s), 4.21 (2H, s), 4.49 (2H, d, J=5.7 Hz), 7.15 (2H, m), 7.28 (2H, m), 8.09 (1H, s), 8.62 
(1H, s), 8.91 (1H, s), 9.14 (1H, brt). 

Compound 1-178 

[0612] M.p.: 158-161 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI3) 5: 2.82 (3H, s), 3.17 (3H, s), 4.02 (3H, s), 4.15 (2H, s), 6.14 (1H, br.s), 7.01 (2H, t, J=8.7 Hz), 7.13 - 7.19 
(2H, m), 7.87 (1H, d, J=2.1 Hz), 7.89 (1H, s), 8.85 (1H, d, J=2.1 Hz), 11.94 (1H, br.s). 

Compound 1-179 

[0613] M.p.: 159-163 °C Recrystallization solvent: acetone - isopropanol 

NMR (CDCI3) 6 : 3.96(3H, s), 4.07(3H, s), 4.20(2H, s), 7.01 (2H, m), 7.20(2H, m), 8.76(1 H, s), 8.88(1 H, s), 9.30(1 H,s). 
Example 63 
Compound 1-180 
[0614] 




205 1-180 

Process 1 

[0615] To a solution of compound 201 (1 .5 g, 3.71 mmol) in tetrahydrofuran (12.5 ml)-methanol (12.5 ml) was added 
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2 N sodium hydroxide aqueous solution (2.20 ml, 4.45 mmol) under ice-cooling, and the mixture was refluxed for 30 
minutes. 2 N hydrochloric acid (2.2 ml) and water (75 ml) were added to the reaction mixture at room temperature, and 
the mixture was stirred for 30 minutes under ice-cooling. The precipitated crystals were filtered and washed with water 
to give compound 141 (1.4 g, 97.0%). 
5 NMR (CDCI 3 ) 8: 4.23 (2H, s), 4.49 (3H, s), 7.01-7.09 (2H, m), 7.17-7.29 (2H, m), 8.31 (1H, d, J=1.8 Hz), 8.49 (1H, s), 
8.66 (1 H, d, J=1 .8 Hz), 1 1 .40 (1 H, brs). 



10 [0616] To a solution of compound 141 (1.4 g, 3.59 mmol) in methylene chloride (30 ml) were added 1-ethyl- 
3-(3«dimethylaminopropyl)carbodiimide hydrochloride (827 mg, 4.31 mmol) and 1 -hydroxy benzotriazole (566 mg, 4.31 
mmol) at room temperature, and the mixture was stirred for 40 minutes. Ethanol (20 ml) and triethylamine (0.60 ml, 
4.31 mmol) were added to the reaction mixture, and the mixture was refluxed for 1 hour. The reaction mixture was 
cooled and evaporated under reduced pressure. Ice water was added to the residue, and the mixture was extracted 

15 with ethyl acetate. The organic layer was washed successively with water, saturated sodium hydrogen carbonate so- 
lution, brine and dried over magnesium sulfate. The residue obtained by evaporation under reduced pressure was 
purified with column chromatography (ethyl acetate: n-hexane = 1:2 - 1:1) to give compound 142 (1.30 g, 87.0%). 
NMR (CDCI3) 5: 1.45 (3H, t, J=7.2 Hz), 4.21 (2H, s), 4.21 (3H, s), 4.45 (2H, q, J=7.2 Hz), 6.99-7.08 (2H, m), 7.16-7.29 
(2H, m), 8.41 (1H, s), 8.24 (1H, d, J=2.1 Hz), 8.85 (1H, d, J=2.1 Hz). 

20 

Process 3 

[0617] Compound 204 (2.38 g, 87.0%) was obtained as pale yellow crystals from compound 142 (3.0 g, 7.18 mmol) 
by process 7 of Example 62. 

25 NMR(CDCI 3 )8: 1 .37 (3H, t, J=7.1 Hz), 4.18 (3H, s), 4.25 (2H, s), 4.38 (2H, q, J=7.1 Hz), 7.13-7.20 (2H, m), 7.34-7.40 
(2H, m), 8.45 (1H, s), 8.98 (1H, d, J=2.0 Hz), 9.18 (1H, d, J=2.0 Hz), 13.40 (1H, brs). 



30 [0618] Compound 205 (173 mg, 81 .0%) was obtained as colorless crystals from compound 204 (200 mg, 0.52 mmol) 
by process 8 of Example 62. 

NMR (CDCI3) 5: 1.44 (3H, t, J=7.2 Hz), 2.83 (3H, s), 3.20 (3H, s), 4.15 (2H, s), 4.23 (3H, s), 4.44 (2H, q, J=7.2 Hz), 
6.98-7.05 (2H, m), 7.14-7.20 (2H, m), 7.83 (1H, s), 7.89 (1 H, d, J=2.1 Hz), 8.85 (1H, d, J=2.1 Hz). 

35 Process 5 

[0619] A title compound 1-180 (90 mg, 55.0%) was obtained pale yellow crystals from compound 205 (170 mg, 0.41 
mmol) by process 9 of Example 62. 

M.p.:127 - 128°C . Recrystallization solvent: methanol - diisopropylether 
40 NMR (CDCI3) 5: 1.46 (3H, t, J=7.2 Hz), 2.80 (3H, s), 3.17 (3H, s), 4.15 (2H, s), 4.48 (2H, q, J=7.2 Hz), 6.96-7.07 (2H, 
m), 7.12-7.22 (2H, m), 7.84 (1H, d, J=2.1 Hz), 7.90 (1H, s), 8.86 (1H, d, J=2.1 Hz), 12.07 (1H, brs). 
[0620] Compound 1-181 to 1-190 were prepared in a same manner similar to Example 63. 



Process 2 



Process 4 



45 



55 



50 




t-181 ~ 1-190 



OH 



1-181 : R1=Et 
1-182 : R1=Et 
1-183 : R1=Et 
1-184 : R1=Et 
1-185 : R1=Et 
1-186 : R1=Et 
1-187 : R1=Et 
1-188 : R1=i-Pr 
1-189 : R1=i-Pr 
1-190 : R1=i-Pr 



R2=NHBn 
R2=NHPh 
R2=NH 2 
R2=NHMe 
R2=NMe 2 



R2=ptperidine 
R2=NHCH 2 CH 2 OH 



R2=NHMe 

R2=NHEt 

R2=NHn-Pr 
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Compound 1-181 

[0621] M.p.:208 - 210°C Recrystallization solvent: methanol 

NMR (CDCI 3 ) 8: 1.48 (3H, t, J=7.2 Hz), 3.75 (3H, d, J=3.9 Hz), 4.16 (2H, s), 4.50 (2H, q, J=7.2 Hz), 6.07 (1H, brs), 
5 6.95-7.05 (2H, m), 7.12-7.23 (2H, m), 8.06 (1H, s), 8.67 (1H, s), 8.30 (1H, s), 12.15 (1H, brs). 

Compound 1-182 . 

[0622] M.p.: 153-155 °C Recrystallization solvent: ethyl acetate 
10 NMR (CDCI3) 8 : 1 .35 (3H, t, J=7.1 Hz), 1 .51 (3H, t, J=7.1 Hz), 3.57 (2H, q, J=7.1 Hz), 4.28 (2H, s), 4.55 (2H, q, J=7.1 
Hz), 6.91 (1H, brs), 7.03-7.12 (2H, m), 7.18-7.28 (2H, m), 8.36 (1H, s), 9.22 (1H, s), 9.40 (1H, s), 12.26 (1H, brs). 

Compound 1-183 

15 [0623] M.p.: 134-137 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI3) 5 : 1.04 (3H, t, J=7.2 Hz), 1.50 (3H, t, J=7,0 Hz), 1.66-1.79 (2H, m), 3.49 (2H, q, J=6.5 Hz), 4.23(2H, s), 
4.52 (2H, q, J=7.0 Hz), 6.93 (1H, brs), 7.01-7.09 (2H, m), 7.18-7.28 (2H, m), 8.28 (1H, s), 9.07 (1H, s), 9.16 (1H, s). 

Compound 1-184 

20 

[0624] M.p.: 140-143 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI3) 8: 1.10-1.50 (2H, m), 1.48 (3H, t, J=7.1 Hz), 1.60-1.74 (4H, m), 3.06-3.22 (2H, m), 3.54-3.96 (2H, m), 
4.37 (2H, s), 4.54 (2H, q, J=7.1 Hz), 7.03-7.12 (2H, m), 7.21-7.29 (2H, m), 8.06 (1H, s), 8.47 (1H, s), 9.50 (1H, s), 
12.39 (1H, brs). 

25 

Compound 1-185 

[0625] M.p.: 194 - 195°C Recrystallization solvent: ethyl acetate - methanol 

NMR (CDCI3) 8: 1 .48 (3H, t, J=7.2 Hz), 3.65-3.74 (2H, m), 3.86-3.95 (2H, m), 4.14 (2H, s), 4.51 (2H, q, J=7.2 Hz), 6.57 
30 (1H, brs), 6.94-7.05 (2H, m), 7.12-7.23 (2H, m), 8.07 (1H, s), 8.62 (1H, s), 8.81 (1H, d, J=2.1 Hz), 12.13 (1H, brs). 

Compound 1-186 

[0626] M.p.: 214-217 °C Recrystallization solvent: ethyl acetate 
35 NMR (CDCI3) 8: 1.46 (3H, t, J=7.1 Hz), 4.15 (2H, s), 4.49 (2H, q, J=7.1 Hz), 4.70 (2H, d, J=5.7 Hz), 6.35 (1H, brs), 
6.95-7.04 (2H, m), 7.13-7.21 (2H, m), 7.31-7.42 (5H, m), 8.08 (1-H, s) 8.67 (1H, s), 8.83 (1H, d, J=1.5 Hz), 12.14(1 H, 
brs). 

Compound 1-187 

40 

[0627] M.p.:168°C Recrystallization solvent: ethyl acetate - diisopropylether 

NMR (CDCI3) 8: 1.49 (3H, t, J=6.9 Hz), 4.15 (2H, s), 4.53 (2H, q, J=6.9 Hz), 6.94-7.70 (9H, m), 7.77 (1H, brs), 8.23 
(1H, s), 8.72 (1H, s), 8.87 (1H, d, J=1.8 Hz), 12.17 (1H, brs). 

^5 Compound 1-188 

[0628] M.p.: 218-219 °C Recrystallization solvent: acetone - ethyl acetate 

NMR (CDCI3) 8: 1.45 (6H, d, J=6.3 Hz), 4.17 (2H, s), 5.39 (1H, sep, J=6.3 Hz), 5.92 (2H, brs), 6.96-7.04 (2H, m), 
7.14-7.21 (2H, m), 8.17 (1H, s), 8.76 (1H, s), 8.84 (1H, s), 12.29 (1H, brs). 

50 

Compound 1-189 

[0629] M.p.: 208-209 °C Recrystallization solvent: acetone - methanol 

NMR (CDCI3 8: 1.46 (6H, d, J=6.2 Hz), 3.08 (3H, d, J=3.9 Hz), 4.16 (2H, s), 5.39 (1H, sep, J=6.2 Hz), 6.07 (1H, brs), 
55 6.96-7.03 (2H, in), 7.15-7.21 (2H, m), 8.03 (1H, s), 8.67 (1H, s), 8.84 (1H, s), 12.23 (1H, brs). 
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Compound 1-190 

[0630] NMR (CDC! 3 ) 6: 1.43 (6H, d, J=6.3 Hz), 2.78 (3H, s), 3.17 (3H, s), 4.16 (2H, s). 5.36 (1H, sep, J=6.3 Hz), 
6.97-7.06 (2H, m), 7.12-7.20 (2H, m), 7.82 (1H, s), 7.89 (1H, s), 8.87 (1H, d, J=2.1 Hz), 12.23 (1H, brs). 

Example 64 

Compound 191 

[0631] 




HOOC-VV J 

OMe 141 



F Process 1 (QjJ 




Process 2 



206 




wieocr^r^N 

OMe 



COOH 



207 



F MeOC J N 

Process 3 OMe 

208 




Process 4 



JONMe 2 



MeOC 




OMe 



209 



CONMe 2 




p Process 5 MeOC'T^N 

OH 

1-191 



Process 1 

[0632] To a solution of compound 141 (390 mg, LOmmol) intetrahydrofuran(20ml) were added 2,2'-dipyridyldisulfide 
(242 mg, 1.1 mmol) and triphenyl phosphine (288 mg, 1.1 mmol). After being stirred for 2 hours, 2,2 , -dipyridyldisulfide 
(242 mg, 1.1 mmol) and triphenyl phosphine (288 mg, 1.1 mmol) were added to the reaction mixture: The reaction 
mixture was allowed to stand over night and evaporated under reduced pressure. The residue was subjected to column 
chromatography and crystallized from diisopropyl ether to give compound 206 (436 mg, 90%). 

Process 2 

[0633] To a solution of compound 206 (2.20 g, 4.55 mmol) obtained by process 1 in tetrahydrofuran (50 ml) was 
added 1M methyl magnesium bromide (5.0 ml, 5.0 mmol) under ice-cooling with dry ice. After 40 minutes, 1M methyl 
magnesium bromide (0.9 ml, 0.9 mmol) was added to the reaction mixture. After 15 minutes, saturated ammonium 
chloride solution was added to reaction mixture, and the mixture was extracted twice with ethyl acetate. The organic 
layer was washed with water, brine and dried over magnesium sulfate. The solvent was evaporated, and the residue 
was subjected to column chromatography and crystallized with n-hexane - diisopropyl ether to give compound 207 
(1.64 g, 93.0%). 

Process 3 

[0634] Compound 207 (1 .6 g, 4.2 mmol) obtained by process 2 was reacted with a same manner similar to process 
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7 of Example 62 to give compound 208 (1 .18 g, 3.34 mmol, 80.5%) as colorless crystals. 
Process 4 

[0635] Compound 208 (194.3 mg, 0.55 mmo) obtained by process 3 was reacted with a same manner similar to 
process 8 of Example 62 to give compound 209 (148 mg, 0.39 mmoll, 70.7%) as colorless crystals. 

Process 5 



[0636] Compound 209 (100.0 mg, 0.26 mmol) obtained by process 4 was reacted with a same manner similar to 
process 3 of Example 45 to give a title compound 1-191 (51.8 mg, 0.39 mmol, 54.4%) as light green crystals. 
M.p.:141 - 142 °C Recrystallization solvent: ethanol - isopropyl ether 

NMR (CDCI 3 ) 5: 2.74 (3H, s), 2.80 (3H, s), 3.18(3H, s), 4.16 (2H, s), 6.96-7.06(2H, m), 7.10-7.20 (2H, m), 7.80 (1H, 
s), 7.80-7.86 (1H, m), 8.82-8.90(1 H, m). 

[0637] Compound 1-192 to I-243 were prepared in a same manner similar to process 3 of Example 45, process 7 
and 8 of Example 62 and Example 64. 




1-192 


: R1=NH 2 


R2=Me 


1-193 


: R1=NHMe 


R2=Me 


1-194 


: R1=NHi-Pr 


R2=Me 


1-195 


: R^piperidine 


R2=Me 


[-196-: 


:-R1=NHCH 2 CH 2 OMe 


R2=Me 


1-197: 


: R1=NHBn 


R2=Me 


1-198; 


; R1=NHPh 


R2=Me 


1-199: 


: R1 =NH 2 


R2=Et 


I-200: 


; R1=NHMe 


R2=Et 


1-201 : 


R1=NHEt 


R2=Et 


1-202 : 


R1=NHi-Pr 


R2=Et 


1-203 : 


Rt=prperidine 


R2=Et 


1-204: 


R1=NHCH 2 CH 2 OMe 


R2=Et 


1-205 : 


R1=NHBn 


R2=Et 


1-206 : 


R1=NHPh 


R2=Et 


1-207 : 


R1=NMe 2 


R2=Et 


1-208: 


R1=NH 2 


R2=i-8u 


1-209 : 


R1=NHEt 


R2si-Bu 


1-210: 


R1=NHi-Pr 


R2=i-Bu 


1-21 1 : 


R1=NHCH 2 CH 2 OMe 


R2=i-Bu 


1-212: 


R1=NH 2 


R2=cyclohexane 


1-213 : 


R1=NHMe 


R2=cyclohexane 


1-214: 


R1=NMe 2 


R2=cyclohexane 


1-215 : 


R1=OMe 


R2=cyclohexan© 


1-216: 


R1=NH 2 


R2= -(CH^OMe 


1-217: 


R1=NHMe 


R2= -(CH2) 3 OMe 


1-218: 


R1=NMe 2 


R2= -(CH2) 3 OMe 



1-219 


:R1=NH 2 


R2=Ph 


J-220 


:R1=NHMe 


R2=Ph 


1-221 


: R1=NHEt 


R2=Ph 


I-222 


:R1=NHi-Pr 


R2=Ph 


1-223 


: R^piperidine 


R2=Ph- 


1-224 


:R1=NHCH 2 CH 2 OMe 


R2=Ph 


1-225 


: R1=NHBn 


R2=Ph 


1-226 


: R1=NHPh 


R2=Ph 


1-227 


: R1=NMe 2 


R2=Ph 


1-228 


: Rl=OMe 


R2=Ph 


1-229 


: R1=NH 2 


R2=4-F-Ph 


1-230 


: R1=NHMe 


R2=4-F-Ph 


1-231 


: R1=NHEt 


R2=4-F-Ph 


I-232 


: R1=NHi-Pr 


R2=4-F-Ph 


I-233 


: R^sspiperidine 


R2=4-F-Ph 


1-234 


: R1=NHCH2CH 2 OM© 


R2=4-F-Ph 


I-235 


:R1=NHBn 


R2=4-F-Ph 


1-236 


: R1=NHPh 


R2=4-F-Ph 


1-237 


: R1=NMe 2 


R2=4-F-Ph 


1-238 


: R1=OMe 


R2=4-F-Ph 


1-239 


: R1=NH 2 


R2=2-thiophen 


i-240 


: R1=NHMe 


R2=2-thtophen 


1-241 


: R1=NHEt 


R2=2-thiophen 


I-242 


:R1=NHBn 


R2=2-thiophen 


1-243 


: R1=NMe 2 


R2=2-thiophen 



Compound 1-192 

[0638] M.p.: 230 - 232 °C Recrystallization solvent: diethylether 

NMR (DMSO) 6: 2.75 (3H, s), 4.23 (2H, s), 7.12-7.18(2H, m), 7.32-7.37 (2H, m), 7.46 (1H, brs), 8.05 (1H, brs), 8.13 
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(1H, s), 8.75 (1H, s), 8.89 (1H, s). 
Compound 1-193 

5 [0639] M.p.: 207 - 209 °C Recrystallization solvent: ethanol - diethylether 

NMR (DMSO) 5: 2.75 (3H, s), 2.81 (3H, d, J=4.4Hz), 4.22 (2H, s), 7.12-7.18(2H, m), 7.32-7.36 (2H, m) t 8.07 (1H, s), 
8.52 (1H, d, J-4.7H2), 8.70 (1H, s), 8.90 (1H, s). 

Compound 1-194 

10 

[0640] M.p.: 211 - 213 °C Recrystallization solvent: ethanol - diethylether 

NMR (DMSO) 5: 1 .1 7 (6H, d, J=6.6Hz), 2.75 (3H, s), 4.1 0 (1 H, sept, J=6.7Hz), 4.23 (2H, s), 7.1 2-7.1 8(2H, m), 7.32-7.37 
(2H, m), 7.98 (1H, s), 8.39 (1H, d, J=7.7Hz), 8.53 (1H, s), 8.90 (1H, s). 

15 Compound 1-195 

[0641] M.p.: 191 - 193 °C Recrystallization solvent: ethanol - isopropyl ether 

NMR (CDCI 3 5 : 1.00-1.80 (6H, m), 2.73 (3H, s), 3.00-3.12 (2H, m), 3.48-4.02 (2H, m), 4.16(2H, s), 6.98-7.08 (2H, m), 
7.14-7.22 (2H, m), 7.74 (1H, s), 7.78-7.82 (1H, m), 8.86-7.92(1 H,m). 

20 

Compound 1-196 

[0642] M.p.: 180 - 183 °C Recrystallization solvent :ethyl acetate - isopropyl ether 

NMR (CDCI 3 ) 8:-2.78 (3H, s), 3.40 (3H, s), 3.58-3.64(2H, m), 3.66-3.74(2H, m), 4.16 (2H, s), 6.37-6.49(1 H, m), 
25 6.96-7.04(2H, m), 7.14-7.21 (2H, m), 8.04(1 H, s), 8.64-8.67(1 H, m), 8.77-8.84(1 H, m). 

Compound 1-197 

[0643] M.p.:208 - 210 °C Recrystallization solvent: ethanol - diethylether 
30 NMR (DMSO) 8: 2.75 (3H, s), 4.22 (2H, s), 4.51 (2H, d, J=6.1Hz), 7.12-7.18(2H, m), 7.27-7.34 (5H, m), 7.33-7.37 (2H, 
m), 8.13 (1H, s), 8.65 (1H, s), 8.91 (1H, s), 9.12 (1H, t, J=5.5Hz). 

Compound 1-198 

35 [0644] M.p.: 212 - 215 °C Recrystallization solvent :isopropyl ether 

NMR (CDCI3) 5: 2.76 (3H, s), 4.11 (2H, s), 6.92-7.02 (2H, m), 7.10-7.28(3H, m), 7.38-7.46 (2H, m), 7.60-7.70(2H, m), 
7.80-8.08(1H, brs), 8.12 (1H, s), 8.60-8.66 (1H, m), 8.72-8.80 (1H, m). 

Compound 1-199 

40 

[0645] M.p.: 217 - 219 °C Recrystallization solvent: ethanol 

NMR (CDCI3) 8: 1 .30 (3H, t, J=7.2 Hz), 3. 1 9 (2H, q, J=7.2 Hz), 4. 1 8 (2H, s), 5.85 (2H, bs), 6.97-7.03 (2H, m), 7. 1 6-7.20 
(2H, m), 8.19 (1H, s), 8.77 (1H, s), 8.80 (1H, d, J=2.0Hz). 

45 Compound I-200 

[0646] M.p.:214-216°C Recrystallization solvent: ethanol 

NMR (CDCI3) 8: 1.29 (3H, t, J=7.2 Hz), 3.07 (3H, d, J=4.0 Hz), 3.18 (2H, q, J=7.2 Hz), 4.16 (2H, s), 6.09 (1H, bs), 
6.97-7.04 (2H, m), 7.16-7.20 (2H, m), 8.05 (1H, s), 8.68 (1H, s), 8.79 (1H, d, J=2.1 Hz). 

50 

Compound 1-201 

[0647] M.p.: 1 94-1 95°C Recrystallization.solvent : ethanol 

NMR (CDCI3) 8: 1.29 (3H, t, J=7.2 Hz), 1.29 (3H, t, J=7.2 Hz), 3.17 (2H, q, J=7.2 Hz), 3.50-3.59 (2H, m), 4.16 (2H, s), 
55 6.07 (1H, bs), 6.97-7.03 (2H, m), 7.16-7.21 (2H, m), 8.03 (1H, s), 8.63 (1H, d, J=1.8Hz), 8.79(1 H, d, J=1.8Hz). 
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Compound I-202 

[0648] M.p.:196-197°C Recrystallization solvent: ethanol 

NMR (CDCIg) 8: 1.29 (3H, t, J=7.2 Hz), 1.29 (6H, d, J=6.5 Hz), 3.19 (2H, q, J=7.2 Hz), 4.17 (2H, s), 4.25-4.40 (1H, m), 
5 5.82 (1H, bs), 6.98-7.04 (2H, m), 7.16-7.21 (2H, m), 8.01 (1 H, s), 8.58 (1 H, s), 8.80 (1 H, d, J=2.1 Hz). 

Compound I-203 

[0649] M.p.: 136-138°C Recrystallization solvent: ethanol 
w NMR (CDCI 3 ) 5 : 1.29 (3H, t, J=7.2 Hz), 1.00-1.75 (6H, m), 3.00-3.17 (4H, m), 3.60 (1H, bs), 3.92 (1H, bs), 4.16 (2H, 
s), 6.99-7.05 (2H, m), 7.16-7.19 (2H, m), 7.77 (1H, s), 7.80 (1H, d, J=1.8 Hz), 8.88 (1H, d, J=2.1 Hz). 

Compound I-204 

15 [0650] NMR (CDCIg) 5: 1.29 (3H, t, J=7.2 Hz), 3.18 (2H, q, J=7.2 Hz), 3.41 (3H, s), 3.61 (2H, d, J=5.0 Hz), 3.71 (2H, 
d, J=5.0 Hz), 4.16 (2H, s), 6.41 (1H, bs), 6.97-7.03 (2H, m), 7.16-7.20 (2H, m), 8.07 (1H, s), 8.65 (1 H, s), 8.80 (1H, d, 
J=2.1 Hz). 

Compound I-205 

20 

[0651] M.p.:201-203°C Recrystallization solvent: ethanol 

NMR (CDCI3) 8: 1.26 (3H, t, J=7.2 Hz), 3.14 (2H, q, J=7.2 Hz), 4.14 (2H, s), 4.68 (2H, d, J=5.5 Hz), 6.41 (1H, bs), 
6.97-7.03 (2H, m), 7.14-7.19 (2H, m), 7.26-7.40 (5H, m), 8.06 (1H, s), 8.66 (1H, d, J=2.1 Hz), 8.77 (1H, d, J=2.1 Hz). 

25 Compound I-206 

[0652] M.p.:196 - 197 °C Recrystallization solvent: ethanol 

NMR (CDCI3) 8: 1.28 (3H, t, J=7.2 Hz), 3.16 (2H, q, J=7.2 Hz), 4.12 (2H, s), 6.94-7.01 (2H, m), 7.13-7.26 (3H, m), 
7.40-7.45 (2H, m), 7.67 (2H, d, J=7.6Hz), 8.01 (1H, s), 8.16 (1H, s), 8.64 (1H, s), 8.78 (1H, d, J=2.1Hz). 

30 

Compound I-207 

[0653] M.p.:150-152°C Recrystallization solvent: ethanol 

NMR (CDCI3) 6: 1.29 (3H, t, J=7.2 Hz), 2.81 (3H, s), 3.14 (2H, q, J=7.2 Hz), 3.18 (3H, s), 4.16 (2H, s), 6.99-7.05 (2H, 
35 m), 7.14-7.19 (2H, m), 7.83 (1H, s), 7.84 (1H, s), 8.85 (1H, d, J=2.1 Hz). 

Compound I-208 

[0654] M.p.: 178 - 180 °C Recrystallization solvent: ethyl acetate - isopropyl ether 
40 NMR (CDCI3 6: 1.05(6H,d, J=6.7Hz), 2.30(1 H, m), 3.00(2H, d, J=6.7Hz), 4.18(2H, s), 5.68-6. 12(2H, brs), 6.95-7.05 
(2H, m), 7.14-7.24(2H, m), 8.16(1H, s), 8.74-8.78(1 H, m), 8.80-8.84(1 H, m). 

Compound I-209 

45 [0655] M.p.: 170 - 171 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI3 8: 1 .05(6H, d, J=6.7Hz), 1 .30(3H, t, J=7.4Hz), 2.36(1 H, m), 3.04(2H, d, J=6.7Hz), 3.50-3.62(2H, m), 4.1 7 
(2H, s), 5.95-6.03(1H, m), 6.96.7.05(2H, m), 7.14-7.24(2H, m), 8.02(1H, s), 8.60-8.64(1 H, m), 8.79-8.82(1 H, m). 

Compound 1-210 

50 

[0656] M.p. : 171-1 73 °C Recrystallization solvent: ethanol - isopropyl ether 

NMR (DMSO) 8: 0.97(6H, d, J=6.4Hz), 1 .1 7(6H, d, J=6.4Hz), 2.23(1 H, sept, J=6.7Hz), 3.07(2H, d, J=6.7Hz), 4.04-4.1 6 
(1H, m), 4.23(2H, s), 7.12-7.18(2H, m), 7.32-7.36(2H, m), 7.96(1H, s), 8.38(1H, d, J=7.6Hz), 8.52(1H, d, J=1.8Hz), 
8.89(1 H, d, J=1.5Hz). 

55 

Compound 1-211 

[0657] M.p.: 140-1 42 °C Recrystallization solvent : ethanol - isopropyl ether 
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NMR (DMSO) 8: 0.97(6H, d, J=6.7Hz), 2.24(1 H, sept, J=6.7Hz), 3.07(2H, d, J=6.7Hz), 3.29(3H, s),3.30-3.49(4H, m), 
4.22(2H, s), 7.12-7.1 8(2H, m), 7.32-7.36(2H, m), 8.03(1 H, s), 8.62(1 H, d, J=1 .8Hz), 8.65(1 H, brs), 8.89(1 H, d, J=2.1 Hz). 

Compound I-2I2 

[0658] M.p.: 260 - 262 °C Recrystallization solvent: ethyl acetate 

NMR (CDCI 3 ) 5:1.30-2.00(1 OH, m), 3.38-3.49(1 H, m), 4.18(2H, s), 5.70-6.00(1 H, brs), 6.96-7.04(2H, m), 7.16-7.22(2H, 
m), 8.1 5(1 H, s), 8.72-8.76(2H, m), 8.80-8.82(1 H, m). 

Compound 1-213 

[0659] M.p.: 163 -164 °C Recrystallization solvent : isopropyl ether 

NMR (CDCI3) 8:1.20-2.00(10H, m), 3.08(3H, d, J=2.3Hz), 3.36-3.48(1 H, m), 4.16(2H, s), 6.00-6.11 (1 H, m), 6.96-7.04 
(2H, m), 7.14-7.20(2H, m), 8.01(1H, s), 8.62-8.68(1 H, m), 8.78-8.82(1H, m). 

Compound 1-214 

[0660] NMR (CDCI3) 5: 1.06-2.00(1 OH, m), 2.80(3H, s), 3.19(3H, s), 3.28-3.44(1 H,m), 4.16(2H, s), 6.96-7.08(2H, m), 
7.10-7.20(2H, m), 7.78-7.86(2H, m), 8.80-8.92(1 H, m), 13.6-14.2(1H, brs). 

Compound 1-215 

[0661] M.p.:163 - 164 °C Recrystallization solvent: isopropyl ether - isopropanol 

NMR (CDCI3) 8:1.20-2.00(10H, m), 3.08(3H, d, J=2.3Hz), 3.36-3.48(1 H, m), 4.16(2H, s), 6.00-6.11 (1H, m), 6.96-7.04 
(2H, m), 7.14-7.20(2H, m), 8.01(1H, s), 8.62-8.68(1 H, m), 8.78-8.82(1H, m). 

Compound 1-216 

[0662] M.g.:165°C Recrystallization solvent: ethyl acetate 

NMR (CDCI3) 8: 2.04-2.14 (2H, m), 3.25 (2H, t, J=7.5 Hz), 3.37 (3H, s), 3.52 (2H, t, J=5.7 Hz), 4.17 (2H, s), 5.94 (2H, 
brs), 6.96-7.05 (2H, m), 7.14-7.22 (2H, m), 8.23 (1H, s), 8.81 (2H, s). 

Compound 1-217 

[0663] M.p.:148°C Recrystallization solvent: ethyl acetate - diisopropyl ether 

NMR (CDCI3) 8: 2.03-2.14 (2H, m), 3.07 (3H, d, J=5.1 Hz), 3.23 (2H, t, J=7.5 Hz), 3.37 (3H, s), 3.51 (2H, t, J=6.0 Hz), 
4.16 (2H, s), 6.16 (1H, brs), 6.95-7.05 (2H, m), 7.14-7.22 (2H, m), 8.08 (1H, s), 8.71 (1H, s), 8.79 (1H, d, J=1.2 Hz), 
12.63 (1H, brs). 

Compound 1-218 

[0664] M.p.: 123 - 126°C Recrystallization solvent: ethyl acetate - diisopropyl ether 

NMR (CDCI3) 5: 2.03-2.13 (2H, m), 2.81 (3H, s), 3.18 (3H, s), 3.21 (2H, t, J=7.2 Hz), 3.35 (3H, s), 3.50 (2H, t, J=6.0 
Hz), 4. 16 (2H, s), 6.97-7.06 (2H, m), 7.12-7.20 (2H, m), 7.83 (1 H, s), 7.85 (1 H, s), 8.85 (1 H, d, J=1 .2 Hz), 13.44 (1 H, brs). 

Compound 1-219 

[0665] M.p.: 259 - 261 °C Recrystallization solvent: methanol 

Elemental analysis for C 2 4H 17 FN 2 0 3 

Calcd. (%): C, 71.99; H, 4.28; F, 4.74; N, 7.00. 

Found. (%): C, 71.87; H, 4.15; F, 4.63; N, 6.90. 

NMR (CDCI3) 8: 4.20 (2H, s), 5.76 (2H, m), 7.01 (2H, m), 7.20 (2H, m), 7.54 (2H, m), 7.65 (1H, m), 7.80 (2H, m), 8.00 
(1H, s), 8.82 (1H, m), 8.85 (1H, m). 

Compound I-220 

[0666] M.p.: 88 - 89 °C Recrystallization solvent : methanol 
Elemental analysis for C 25 H 19 -FN 2 0 8 (H20)o.6 
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Calcd. (%): C, 70.61; H, 4.79; F, 4.47; N, 6.59. 
Found. (%): C, 70.52; H. 4.58; F, 4.33; N, 6.43. 

NMR (CDCI 3 ) 5: 3.02 (3H, d, J=4.5 Hz), 4.18 (2H, s), 6.00 (1H, brq), 7.01 (2H, m), 7.19 (2H, m), 7.54 (2H, m), 7.64 
(1H, m), 7.78 (2H, m), 7.86 (1H, s), 8.75 (1H, m), 8.81 (1H, m). 

5 

Compound 1-221 

[0667] M.p.: 70 - 72 °C Recrystaliization solvent methanol 
Elemental analysis for C 26 H 21 FN 2 O 3 (H 2 O) 05 
10 Calcd. (%): C, 71 .38; H, 5.07; F, 4.34; N, 6.40. 
Found. (%): C, 71 .25; H, 5.08; F, 4.32; N, 6.46. 

NMR (CDCI3) 8: 1 .24 (3H, t, J=7.4 Hz), 3.50 (2H, m), 4.19 (2H, s), 5.95 (1 H, brt), 7.01 (2H, m), 7.20 (2H, m), 7.53 (2H, 
m), 7.64 (1H, m), 7.80 (2H, m), 7.86 (1H, s), 8.72 (1H, m), 8.80 (1H, m). 

15 Compound I-222 

[0668] M.p.: 77 - 78 °C Recrystaliization solvent: methanol 
Elemental analysis for C 27 H 23 FN 2 O 3 (H 2 O) 1-0 
Calcd. (%): C, 70.42; H, 5.47; F, 4.13; N, 6.08. 
20 Found. (%): C, 70.47; H, 5.32; F, 4.01 ; N, 5.93. 

NMR (CDCI3) 8: 1.25 (6H, d, J=6.3 Hz), 4.19 (2H, s), 4.29 (1H, m), 5.79 (1H, brd), 7.01 (2H, m), 7.20 (2H, m), 7.53 
(2H, m), 7.64 (1H, m), 7.80 (2H, m), 7.84 (1H, s), 8.67 (1H, m), 8.80 (1H, m). 

Compound I-223 

25 

[0669] M.p.: 150 - 151 °C Recrystaliization solvent : methanol - isopropyl ether 
Elemental analysis for C 29 H 25 FN 2 0 3 
Calcd. (%): C, 74.34; H, 5.38; F, 4.05; N, 5.98. 
Found. (%): C, 74.07; H, 5.25; F, 4.01; N, 5.87. 
30 NMR (CDCI3) 5: 1.12 (1H, m), 1.29 (1H, m), 1.58 (4H, m), 3.08 (2H, m), 3.50 (1H, m), 3.92 (1H, m), 4.18 (2H, s), 7.03 
(2H, m), 7.19 (2H, m), 7.53 (2H, m), 7.60 (1H, s), 7.63 (1H, m), 7.75 (2H, m), 7.87 (1H, m), 8.90 (1H, m). 

Compound I-224 

35 [0670] M.p.:l78 - I80 °C Recrystaliization solvent: methanol 
Elemental analysis for C 27 H 23 FN 2 0 4 
Calcd. (%): C, 70.73; H, 5.06; F, 4.14; N, 6.11. 
Found. (%): C, 70.46; H, 4.89; F, 4.04; N, 6.03. 

NMR (CDCI3) 5: 3.34 (3H, s), 3.55 (2H, m), 3.65 (2H, m), 4.19 (2H, s), 6.33 (1H, brt), 7.01 (2H, m), 7.19 (2H, m), 7.54 
40 (2H, m), 7.64 (1H, m), 7.79 (2H, m), 7.90 (1H, s), 8.73 (1H, m), 8.81 (1H, m). 

Compound I-225 

[0671] M.p.:164 - 165 °C Recrystaliization solvent: methanol 
45 Elemental analysis for C 31 H 23 FN 2 0 3 

Calcd. (%): C, 75.90; H, 4.73; F, 3.87; N, 5.71. 
Found. (%): C, 75.54; H, 4.56; F, 3.82; N, 5.63. 

NMR (CDCI3) 8: 4.19 (2H, s), 4.65 (2H, d, J=5.7 Hz), 6.26 (1 H, brt), 7.01 (2H, m), 7.19 (2H, m), 7.33 (5H, m), 7.52 (2H, 
m), 7.64 (1 H, m), 7.78 (2H, m), 7.91 (1 H, s), 8.76 (1 H, m), 8.81 (1 H, m). 

50 

Compound I-226 

[0672] M.p.:103 - 104 °C Recrystaliization solvent: methanol 
Elemental analysis for C 30 H 21 FN 2 O 3 
55 Calcd. (%): C, 75.62; H, 4.44; F, 3.99; N, 5.88. 
Found. (%): C, 75.23; H, 4.24; F, 4.02; N, 5.78. 

NMR (CDCI3) 8: 4.16 (2H, s), 6.99 (2H, m), 7.18 (3H, m), 7.40 (2H, m), 7.53 (2H, m), 7.63 (3H, m), 7.79 (2H, m), 7.86 
(1H, brs), 8.00 (1H, s), 8.77 (1H, m), 8.79 (1H, m). 
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Compound I-227 

[0673] M. p.: 79 - 81 °C Recrystallization solvent: isopropanol 

NMR (CDCI 3 ) 5: 2.81 (3H, s), 3.14 (3H, s), 4.18 (2H, s), 7.02 (2H, m), 7.16 (2H, m), 7.53 (2H, m), 7.62 (1H, m), 7.65 
5 (1H, s), 7.76 (2H, m), 7.93 (1H, m), 8.86 (1H, m), 12.73 (1H, brs). 

Compound I-228 

[0674] M.p.:174 - 175 °C Recrystallization solvent: methanol - chloroform 
10 NMR (CDCI3) 8 : 3.90 (3H, s), 4.22 (2H, s), 7.03 (2H, m), 7.22 (2H, m), 7.55 (2H, m), 7.66 (1 H, m), 7.80 (2H, m), 8.58 
(1H, s), 8.84 (1H, m), 9.30 (1H, m). 

Compound I-229 

15 [0675] M.p. : 243 - 245 °C Recrystallization solvent: ethyl acetate 

NMR (d 6 -DMSO) 5: 4.25 (2H, s), 7.13-7.19 (2H, m), 7.32-7.38 (4H, m), 7.43 (1H, brs), 7.83 (1H, s),7.85-7.90 (2H, m), 
8.01 (1H, brs), 8.84 (1H, d, J=2.1 Hz), 8.89 (1H, d, J=2.1 Hz). 

Compound I-230 

20 

[0676] M.p.: 156 - 158 °C Recrystallization solvent: ethyl acetate - isopropyl ether 

NMR (d 6 -DMSO) 8 : 2.79 (3H, d, J=4.5 Hz), 4.24 (2H, s), 7.13-7.19 (2H, m), 7.32-7.38 (4H, m), 7.75 (1H, s), 7.84-7.89 
(2H, m), 8.48 (1H, d, J=4.5 Hz), 8.76 (1H, d, J=1.8 Hz), 8.89 (1H, d, J=1.8 Hz), 11.11(1H, brs). 
Elemental analysis for C 2 5H 18 F 2 N 2 03 
25 Gated. (%): C, 69.44; H, 4.20; F, 8.79; N, 6.48. 
Found. (%): C, 69.14; H, 4.09; F, 8.53; N, 6.43. 

Compound 1-231 

30 [0677] M.p.:152 - 153 °C Recrystallization solvent: ethyl acetate - isopropylether 

NMR (d 6 -DMSO) 8: 1.12 (3H, t, J=2.1 Hz), 3.29 (2H, m), 4.25 (2H, s), 7.13-7.19 (2H, m), 7.33-7.38 (4H, m), 7.74 (1H, 

s), 7.85-7.90 (2H, m), 8.52 (1H, t, J=5.7 Hz), 8.73 (1H, d, J=2.1 Hz), 8.90 (1H, d, J=2.1 Hz), 10.80(1H, brs). 

Elemental analysis for C 26 H 20 F 2 N 2 O 3 

Calcd. (%): C, 69.95; H, 4.52; F, 8.51; N, 6.27. 
35 Found. (%): C, 69.65; H, 4.48; F, 8.25; N, 6.15. 

Compound I-232 

[0678] M.p.: 167 - 169 °C Recrystallization solvent: ethanol 
40 NMR (CDCI3) 8:1 .26(6H, d, J=6.7Hz), 4.19(2H, s), 4.27-4.34(1 H, m), 5.87(1 H, d, J=7.3Hz), 6.98-7.04(2H, m), 7. 1 6-7.22 
(4H, m), 7.82(1 H, s), 7.83-7.88(2H, m), 8.71 (1H, s), 8.77(1 H, s). 

Compound I-233 

45 [0679] M.p.:114 - 116 °C Recrystallization solvent: methanol - isopropyl ether 

NMR (CDCI3) 8: 1.12 (1H, m), 1.31 (1H, m), 1.59 (4H, m), 3.09 (2H, m), 3.53 (1H, m), 3.91 (1H, m), 4.18 (2H, s), 
7.00-7.06 (2H, m), 7.17-7.23 (4H, m), 7.58 (1H, s), 7.79-7.84 (2H, m), 7.89 (1H, d, J=1.8 Hz), 8.88 (1H, d, J=1.8 Hz), 
12.07(1 H, brs). 

50 Compound I-234 

[0680] M.p.:152 - 154°C NMR (CDCI 3 ) 8:3.36(3H, s), 3.54-3.60(2H, m), 3.62-3.70(2H, m), 4.19(2H, s), 6.38-6.44 
(1H, m), 6.98-7.06(2H, m), 7.16-7.24(4H, m), 7.80-7.90(3H, m), 8.74-8.80(2H, m). 

55 Compound I-235 

[0681] M.p.: 172 - 173°C Recrystallization solvent: isopropanol 

NMR (CDC! 3 ) 8:4.19(2H,s), 4.66(2H, d, J=3.1Hz), 6.28-6.36(1 H, m), 6.98-7.06(2H, m), 7.14-7.23(4H, m), 7.30-7.38 
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(4H, m), 7.80-7.86(2H, m), 8.78-8.82(2H, m). 
Compound I-236 

5 [0682] M.p.:95 - 98°C Recrystallization solvent: isopropyl ether 

NMR (CDCI 3 ) S: 4.16(2H, s), 6.94-7.04(2H, m), 7.12-7.24(5H, m), 7.34-7.44(2H, m), 7.60-7.72(2H, m), 7.80-792(2H, 
m), 8.04(1 H, s), 8.22(1 H, brs), 8.54-8.90(2H, m). 

Compound I-237 

[0683] M.p.:115 - 116 °C Recrystallization solvent: ethyl acetate - isopropyl ether 

NMR (d 6 -DMSO) 8: 2.79 (3H, s), 3.06 (3H, s), 4.25 (2H, s), 7.14-7.20 (2H, m), 7.32-7.39 (4H, m), 7.46 (1 H, s), 7.85-7.89 
(2H, m), 8.01 (1H, d, J=2.1 Hz), 8.90 (1 H, d, J=2.1 Hz), 10.84(1H, brs). 
Elemental analysis for C 2 6H2op2 N 2^3 
Calcd. (%): C, 69.95; H, 4.52; F, 8.51; N, 6.27. 
Found. (%): C, 69.71; H, 4.65; F, 7.97; N, 5.99. 

Compound I-238 

20 [0684] M.p.: 181 - 183 °C Recrystallization solvent : methanol 

NMR (d 6 -DMSO) 5: 3.86 (3H, s), 4.28 (2H, s), 7.15-7.21 (2H, m), 7.31-7.40 (4H, m), 7.84-7.89 (2H, m), 8.30 (1H, s), 
8.92 (1H, d, J=2.1 Hz), 9.23 (1H, d, J=2.1 Hz). 

Compound I-239 

25 

[0685] M.p. : 209 - 210 °C Recrystallization solvent: methanol - acetone 

NMR (d 6 -DMSO) 5: 4.25 (2H, s), 7.13-7.19 (2H, m), 7.24 (1H, dd, J=4.0, 4.9 Hz), 7.33-7.38 (2H, m), 7.42 (1H, brs), 
7.66 (1 H, d, J=4.0 Hz), 7.84 (1 H, s), 7.99 (1 H, brs), 8.10 (1 H, d, J=4.6 Hz), 8.86 (1 H, d, J=1 .5 Hz), 8.90 (1 H, d, J=2.1 Hz). 

30 Compound I-240 

[0686] M.p. : 200 - 201 °C Recrystallization solvent: methanol - acetone 

NMR (CDCI3) 6: 3.06 (3H, d, J=4.9 Hz), 4.15 (2H, s), 6.37 (1H, brd, J=4.3 Hz), 6.97-7.03 (2H, m), 7.16-7.20 (3H, m), 
7.71 (1H, dd, J=0.9, 3.6 Hz), 7.77 (1H, dd, J=0.9, 4.9 Hz), 7.99 (1H, s), 8.72-8.73 (2H, m). 

35 

Compound 1-241 

[0687] M.p.: 174 - 175 °C Recrystallization solvent: methanol - isopropyl ether 

NMR (CDCI3) 8: 1.28 (3H, t, J=7.3 Hz), 3.49-3.58 (2H, m), 4.17 (2H, s), 6.18 (1H, brt), 6.97-7.03 (2H, m), 7.17-7.21 
40 (3H, m), 7.73 (1H, dd, J=1.1, 3.8 Hz), 7.77 (1H, dd, J=0.6, 4.9 Hz), 8.00 (1H, s), 8.72-8.75(2H, m). 

Compound I-242 

[0688] M.p.: 202 - 204 °C Recrystallization solvent: methanol - acetone 
45 NMR (CDCI3) 8: 4.17 (2H, s), 4.68 (2H, d, J=5.8 Hz), 6.45 (1H, brt), 6.98-7.04 (2H, m), 7.16-7.21 (2H, m), 7.31-7.37 
(5H, m), 7.73 (1H, dd, J=0.9, 3.6 Hz), 7.77 (1H, dd, J=1.2, 4.9 Hz), 8.06 (1H, s), 8.76-8.77 (2H, m). 

Compound I-243 

so [0689] M.p.: 158 - 160 °C Recrystallization solvent: methanol - isopropyl ether 

NMR (CDCI3) 8: 2.85 (3H, s), 3.18 (3H, s), 4.18 (2H, s), 6.99-7.05 (2H, m), 7.15-7.22 (3H, m), 7.75-7.79 (2H, m), 7.90 
(1H, s), 7.94-7.95 (1H, m), 8.83 (1H, d, J=1.8 Hz). 
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Example 65 
Compound I-244 
5 [0690] 



10 



15 



20 



25 



30 




I-244 

35 

Process 1 

[0691] To a suspension of compound 141 (1 .52 g, 3.90 mmol) obtained by process 1 of Example 63 and 1 -hydroxy 
benzotriazole (52.6 mg, 0.39 mmol) in DMF (15 ml) were added 2.0 M dimethylamine in THF (2.92 ml, 5.84 mmol), 
40 l-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (896.0 mg, 3.90 mmol) at room temperature, and the 
mixture was stirred for 60 minutes. Water (20 ml) was added dropwise to the reaction mixture. The precipitated crystals 
were filtered, washed with water and dried to give compound 210 (1.47 g, 3.52 mmol, 90.3%) as colorless crystals. 

Process 2 

45 

[0692] Compound 210 (1.47 g, 3.52 mmol) obtained by process 1 was reacted with a same manner similar to 7 of 
Example 62 to give quantitatively compound 211 (1 .38 g) as colorless crystals. 

Process 3 

50 

[0693] Compound 211 (1 91 .0 mg, 0.5 mmol) obtained by process 2 was reacted a same manner similar to process 
8 of Example 62 to give compound 212 (165.0 mg, 0.43 mmol, 86.0%). 

Process 4 

55 

[0694] Compound 212 (1 65.0 mg, 0.43 mmol) obtained by process 3 was reacted a same manner similar to process 
3 of Example 45 to give a title compound I-244 (82.5 mg, 0.25 mmol, 52.5%) as light green crystals. 
M.p.:177 - 178 °C Recrystallization solvent: ether 
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NMR (CDCI 3 ) 5: 3.11(6H, s), 4.17(2H, s), 5.72(1 H.brs), 6.29(1H, brs), 6.95-7.05(2H„ m), 7.14-7.24(2H, m), 7.86(1H, 
s), 8.64-8.66(1 H,m), 8.90-8.94(1 H,m), 14.6(1H t brs). 

Compound I-245 to I-248 were prepared in a same manner similar to Example 62 and Example 65. 



COR1 

I-245 : R1=NH 2 R2=NMe(OMe) 




d nnJ^^KT '-246: R1=OMe R2=NMe(OMe) 

H 2 uo t. N r N247 . R1 =N HCH 2 CH 2 OMe R2=NMe 2 

I-248 : R1 =NMe 2 R2=NMe 2 

I-245 ~ I-248 



Compound I-245 

[0695] M.p.:199 - 202 °C Recrystallization solvent: ethyl acetate - isopropyl ether 

NMR (CDCI3) 5: 3.41 (3H, s), 3.67(3H, s), 4.17(2H, s), 5.56-6.40(2H, m), 6.95-7.05(2H, m), 7.15-7.23(2H, m), 7.98(1 H, 
s), 8.67-8.72(1 H, m), 8.88-8.93(1 H, m). 

Compound I-246 

[0696] M.p.: 99- 102 °C Recrystallization solvent :isopropyl ether 

NMR (CDCI3) 6: 3.43(3H, s), 3.67(3H, s), 3.94(3H, s), 4.20(2H, s), 7.00-7.08(2H, m), 7.15-7.25(2H, m) t 8.58(1 H, s), 
8.70-8.78(1 H, m), 9.30-9.35(1 H, m). 

Compound I-247 

[0697] M.p.: 90 - 91 °C Recrystallization solvent : methanol - isopropyl ether 

NMR (CDCI3) 6:3.10(6H, s), 3.39(3H, s), 3.58(2H ? t, J=4.8Hz), 3.68(2H, q, J=5.4Hz), 4.16(2H,s), 6.56(1 H,brs), 7.00 
(2H, t-like, J=8.4Hz), 7.18(2H, dd, J=8.4H&5.4Hz), 7.77(1H, s), 8.64(1H, d, J=2.1Hz), 8.83(1H, d, J=2.1Hz). 

Compound I-248 

[0698] M.p.: 160 - 161 °C Recrystallization solvent :ether 

NMR (CDCI3) 5:2.90(3H, s), 3. 1 0(6H, s), 3.20(3H, s), 4.1 5(2H, s), 7.01 (2H, t-like, J=8.7Hz), 7. 1 6(2H, dd, J=8.7&5.4Hz), 
7.49(1 H, s), 8.03(1 H, d, J=1 .8Hz), 8.67(1 H, d, J=1 .8Hz). 

Example 66 

Compound I-249 

[0699] 



MeOC 




208 |-249 



Process 1 

[0700] Compound 208 (87.0mg, 0.25 mmol) obtained by process 3 of Example 64 was reacted with a same manner 
similar to process 3 of Example 45 to give a title compound I-249 (43.2 mg, 0.15 mmol, 59.4%) as gray crystals. 
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M.p.:134 - 136 °C Recrystallization solvent: ethanol - diethylether 

NMR (DMSO) 5 : 2.73 (3H, s), 4.20 (2H, s), 7.12-7.18(21-1, m), 7.35-7.39 (2H, m), 7.38 (1H, d, J=8.9Hz), 7.87 (1H, d, 
J=8.9Hz), 8.15 (1H, d, J=2.1Hz), 8.87 (1H, d, J=1.8Hz). 

5 Example 67 

[0701] 



10 



15 



OOH 




F Process 1 




Process 1 

20 [0702] Compound 209 (77.0 mg, 0.178 mmol) prepared in a same manner similar to process 1 to 3 of Example 64 
was reacted with a same manner similar to process 6 of Example 18 to give a title compound I-250 (34.0 mg, 0.08 
mmol, 46.0%) as yellow crystals. 

M.p.: 255 - 256 °C Recrystallization solvent : ethyl acetate 

NMR (d 6 -DMSO) 8: 4.28 (2H, s), 7.14-7.20 (2H, m), 7.32-7.39 (4H, m), 7.85-7.89 (2H, m), 8.29 (1H, s), 8.90 (1H, d, 
J=2.1 Hz), 9.32 (1H, d, J=2.1 Hz). 



25 



30 



Compound 1-251 was prepared in a same manner similar to Example 67. 

Compound 1-251 

[0703] 



35 



40 




45 



M.p.: 220 - 223 °C Recrystallization solvent: methanol - chloroform 

NMR (DMSO-d 6 ) 8: 4.28 (2H, s), 7.17 (2H, m), 7.37 (2H, m), 7.53 (2H, m), 7.67 (1H, m), 7.79 (2H, m), 8.30 (1H, s), 
8.92 (1H, m), 9.31 (1H, m). 



50 
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Example 68 
[0704] 




Process 1 

[0705] To a solution of compound 202 (200 mg, 0.542 mmol) synthesized by process 7 of Example 62 in methylene 
chloride (2 ml) were added oxalyl chloride (0.9 ml, 1 .1 mmol) and cat. DMF at room temperature, and the mixture was 
stirred at room temperature for 1 hour. The reaction mixture was concentrated under reduced pressure and dissolved 
in acetonitrile (2 ml). Subsequently, to a solution of 3-amino pyridine (46 mg, 0.49 mmol) in acetonitrile (1 ml) was 
added lithium bis(trimethylsilyl) acetamide (0.24 ml, 0.97 mmol) at room temperature, and the mixture was stirred at 
40 - 45 °C for 20 minutes. The reaction mixture was cooled to room temperature, and a solution of the above acid 
chloride in acetonitrile was added to the reaction mixture, and the mixture was stirred for 30 minutes at room temper- 
ature. The reaction mixture was concentrated under reduced pressure, extracted with ethyl acetate, washed twice with 
saturated sodium hydrogen carbonate solution, brine and dried over sodium sulfate. A crude product obtained by 
evaporation under reduced pressure was crystallized with ether - ethyl acetate and washed to give compound 213 (60 
mg, 0.13 mmol, 24.0%) as gray crystals. 

Process 2 

[0706] Compound 213 (60 mg, 0.13 mmol) obtained process 1 was reacted with a same manner similar to process 
3 of Example 45 to give a title compound I-252 (40 mg, 0.093 mmol, 72.0%) as yellow crystals. 

NMR (d 6 -DMSO) 8: 3.92 (3H, s), 4.26 (2H, s), 7.13-7.21 (3H, m), 7.33-7.41 (3H, m), 8.63(1 H, s), 8.88 (1 H, d, J=1 .8Hz), 
8.92 (1H, d, J=2.1Hz), 9.26 (1H, brs), 9.74 (1H, brs), 12.82 (1H, brs). 
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Example 69 
[0707] 

5 



10 



15 



20 




Process 1 

[0708] Compound 202 (200 mg, 0.542 mmol, 86.7%) synthesized by process 7 of Example 62 was reacted with a 
30 same manner similar to process 8 of Example 62 to give compound 214 (212 mg, 0.470 mmol) as gray crystals. 

Process 2 

[0709] Compound 214 (10 mg, 0.022 mmol) obtained by process 1 was reacted with a same manner similar to 
35 process 2 of Example 68 to give a title compound I-253 (5 mg, 0.012 mmol, 55.0%) as yellow-green crystals. 

NMR (d 6 -DMSO) 5: 4.33 (2H, s), 7.13-7.19(21-1, m), 7.27 (1H, d, J=3.3Hz) t 7.36-7.41 (2H, m), 7.56 (1H, d, J=3.3Hz), 
8.56(1 H, s), 8.90 (1H, d, J=1.8Hz), 9.30 (1H, d, J=1.8Hz), 12.73 (1H, brs). 

Example 70 

40 

[0710] Compound I-254 was prepared in a same manner similar to Example 62. 



COR 



45 




I-254 :R= NHPh 



I-254 

so M.p.: 212-213 °C Recrystallization solvent: acetone - acetonitrile 

NMR (CDCl 3 ) 5: 4.01 (3H, s), 4.09 (2H, s), 6.96 (2H, t t J=8.4 Hz), 7.10 - 7.26 (3H, m), 7.42 (2H, d, J=7.8 Hz), 7.68 (2H, 
d, J=7.8 Hz), 8.06 (1H, br.s), 8.13 (1H, s), 8.64 (1H, br.s), 8.78 (1H, br.s), 11.89 (1H, br.s). 

Example 71 

55 

[0711] Compound I-255 was prepared in a same manner similar to Example 62. 
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30 



40 



45 



50 



Compound I-255 
[0712] 




10 ^ , 

MeOOC ^ N 

OH 

I-255 

15 M.p.: 190-194 °C Recrystallization solvent: acetone - acetonitrile 

NMR (CDCI 3 ) 8: 4.05 (3H, s), 4.18 (2H, s), 6.99 (2H, t, J=8.4 Hz), 7.11 - 7.20 (3H, m), 7.79 - 7.86 (1H, m), 8.30 - 8.33 
(1H, m), 8.35 (1H, s), 8.41 (2H, d, J=8.1 Hz), 8.74 (1H, br.s), 8.79 (1H, d, J=2.1Hz), 8.87 (1H, d, J=2.1Hz), 12.13 (1H, 
br.s). 

[0713] The compounds of the present invention include the following compounds. The following compounds are 
20 synthesized with a same manner similar to the above examples. 



OH 



I 



[0714] The substituents of R 1 , R 2 , R 3 , R 4 and R 5 of above compound I include the following substitution group. 
35 R1 = H (1A), Me (1B), Et (1C), i-Pr (1D), i-Bu (1E) 
R2 = H (2A), Me (2B), Et (2C), n-Pr (2D), OMe (2E) 



R3 = 



XW(3A) JQ-HU3B) JTV R 4 (3C) ^VB 4 (3D) JjJ^ <3E) 



H 



H 



R 4 = 



^-<Qm= (4A) -S-0" F < 4B > ^Q" F < 4C > -g ~£0~ F (4D> 

H2 



55 



R5= N (5A), CH (5B), CMe (5C), CF (5D) 
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O OH 



5 




10 [0715] The substituents of R 1 , R 2 , R 3 , R 4 and R 5 of above compound II include the following substitution group. 
OH (1A), OMe (1B), OEt (1C), Oi-Pr (1D), Et (1E) 

-CONN 2 (2A), -CH 2 -CONH 2 (2B), -CH 2 -CH 2 -CONH 2 (2C), - CONHMe(2D), -CH 2 CH 2 OMe (2E) 

-CONH 2 (3A), -CH 2 -CONH 2 (3B), -CH 2 -CH 2 -CONH 2 (3C), CONHMe(3D), -CH 2 CH 2 OMe (3E), - CH 2 CH 2 OH 
(3F) 

-CONH 2 (4A), -CH 2 -CONH 2 (4B), -CHa-CHa-CONH^C), -CONHMe(4D) 



-C-^Q^F (4A) -S-<QKF (4B) -O-^^-F (4C) -C'C-Q-F (40) 
H 2 ^ H2H2 

25 

[0716] The preferable combinations (R\R 2 ,R 3 ,R 4 ,R 5 ) of the substituents of above compound I and II include the 
followings. 

(lA^A.SA^A.SAJ.flA^A^A^A.SBJ.flA^A.SA^A.SCJ^IA^A.SA^A.SD), (1 A,2A,3A,4B, 5A),(1 A,2A,3A,4B,5B), 
(lA^A.SA^B.SCJ^IA^A.SA^B.SDJ.tlA^A.SA^C.SAJ.ClA^A.SA^C.SBJ.flA^A.SA^CSCJ^IA^A.SA^CSD), 

30 (lA > 2A,3A > 4D l 5A) > (1A > 2A,3A,4D,5B) > (1A l 2A l 3A,4D,5C),(1A,2A,3A I 4D,5D),(1A,2A,3B f 4A I 5A) > (1A l 2A,3B l 4A > 5B),(1A ( 
2A t 3B,4A,5C),( 1 A^A.SB^A.SDJ.fl A,2A,3B,4B t 5A),(1 A,2A,3B,4B,5B),(1 A,2A,3B,4B,5C),(1 A f 2A,3B,4B, 5D),(1A,2A, 
3B l 4C i 5A),(1A I 2A l 3B,4C,5B) l (1A f 2A f 3B,4C,5C),(1A,2A f 3B,4C,5D),(lA,2A,3 B,4D,5A),(1 A,2A,3B,4D,5B),(1 A.2A.3B, 
4D t 5C),(1A,2A > 3B > 4D,5D) f (1A l 2A,3C l 4A,5A),(1A,2A t 3C I 4A,5B) l (1A,2A,3C t 4A > 5C),(1A > 2A l 3C,4A,5D),(1A > 2A,3C,4B, 
5A),(1A,2A,3C, 4B, 5B), (1 A,2A,3C,4B,5C),(1 A^A.SC^B.SDJ.O A,2A I 3C,4C,5A),(1 A,2A,3C,4C,5B),(1 A,2A,3C,4C 1 

35 SCJ^IA^A.SC^C.SDJ.flA^A.SC^D.SAJ.tlA^A.SC^D.SBJ.flA^A.SC^D.SCJ.tlA^A.S C,4D,5D),(1 A,2A,3D,4A, 
SAJ.flA^A.SD^A.SBJ.tlA^A.SD^A.SCJ.CIA^A.SD^A.SDJ^IA^A.SD^B.SAJ^IA^A.SD^B.SBJ^IA^A.SD^B, 
SCJ.CIA^A.SD^B.SDJ.OA^A.SD^CSA), (1 A^A.SD^C.SBJ.O A,2A,3D t 4C,5C),(1 A,2A,3D,4C,5D),(1 A.2A.3D.4D, 
5A),(1A,2A,3D t 4 D,5B),(1 A,2A,3D,4D t 5C),(1 A,2A,3D,4D,5D),(1 A,2A,3E,4A,5A),(1 A,2A,3E,4A f 5B) f (1 A.2A, 3E.4A, 
SCJ.flA^A^E^A.SDJ.ClA^A.SE^B.SAJ^IA^A.SE^B.SBJ^IA^A.SE^B.SCJ.tlA^A.SE^B.SDJXIA^A.SE^CSA), 

40 (1A I 2A l 3E,4C > 5B) l (1A l 2A,3E,4C,5C) i (1A l 2A,3E,4C > 5D),(1A 1 2A,3E t 4D,5A),(1A I 2A,3E t 4D f 5B),(1A l 2A,3E ( 4D,5C), 

(1A l 2A l 3E,4D t 5D),(1A l 2A ( 3F l 4A, 5A),(1 A,2A,3F,4A,5B),(1 A,2A,3F,4A,5C),(1 A,2A,3F,4A,5D),(1 A,2A,3F,4B,5A),(1 A, 
2A,3F,4 B^.tlA^A.SF^B.SCJ^IA^A.SF^B.SDJ.CIA^A.SF^CSAJ^IA^A.SF^C.SBJ^IA^A.S F,4C,5C),(1 A,2A, 
SF^CSDJ.ClA^A^F^D^.tlA^A.SF^D.SBJ^lA^A.SF^D.SCJ.ClA^ A.SF^D.SDJ.O A,2B,3A,4A,5A),(1 A.2B.3A, 
4A,5C),(1A,2B,3A,4A I 5D) < (1A I 2B,3A,4B I 5A),( (1 A,2B,3A,4B,5B),(1 A^B.SA^B.SC)^ A f 2B,3A,4B,5D),(1 A.2B.3A, 

45 4C,5A) l (1A,2B,3A f 4C,5B),(1A,2B,3A,4C,5C),(1A f 2B,3A,4C l 5D),(1A,2B,3A,4D l 5A) t (lA,2B,3A,4D,5B) > (1A,2B,3 A,4D, 
SCJ^IA^B.SA^D^DJ.flA^B.SB^A.SAJ^IA^B.SB^A.SCJ^IA^B.SD^A.SDJ^IA^B.SB^IS.SAJ^IA^B.SB^B, 
5B),(1A,2B,3B t 4B,5C),(1A,2B l 3B,4B t 5D) t (1A,2B l 3B,4C,5A),(1A,2B,3B,4C,5B) f (1A,2B > 3B,4C > 5C) l (1A,2B,3B,4C, 
SD^IA^B.SB^D.SAJ.OA^B.SB^D, 5B),(1 A,2B,3B,4D,5C),(1 A,2B,3B,4D,5D),(1 A ( 2B t 3C,4A f 5A),(1 A2B,3C,4A f 5B), 
(1A.2B.3 C t 4A t 5C),(1A l 2B,3C,4A,5D) f (1A,2B,3C f 4B i 5A),(1A l 2B,3C,4B i 5B) I (1A I 2B l 3C f 4B i 5C) t (1A i 2B,3C,4B,5D), 

50 (lA^B.SC^CSAJ^IA^B.SC^C.SBJ.tlA^B.SC^C.SCJ.CIA^B.SC^CSDJ.ClA^B.SC^D.SAJ^IA^B.SC^D.SB), 
(lA^B.SC^D.SQ^IA^B.SC^D.SDJ^IA^B.SD^A.SAJ.CIA^B.SD^A.SBJ^IA^B.SD^A.SCJ.flA^B.SD^A.SD), 
(lA^B.SD^B.SAJ^IA^B^D^B.SBJ.tlA^B.SD^B.SCJ.ClA^B.SD^B.SDJ^IA^B.SD^CSAJ^IA^B^D^CSB), 
(1A, 2B,3D,4C,5C),(1A,2B,3D l 4C t 5D) f (1A l 2B,3D > 4D l 5A) > (lA,2B,3D,4D,5B),(1A,2B,3D,4D,5C ),(1 A^B.SD^D.SD), 
(lA^B.SE^A.SAJ^IA^B.SE^A.SBJ.tlA^B.SE^A.SCJ^IA^B.SE^ A,5D),(1 A,2B,3E,4B t 5A),(1 A,2B,3E,4B,5B),(1 A, 

55 2B,3E,4B,5C),(1A I 2B,3E,4B,5D),(1A,2B, 3E,4C,5A),(1 A,2B I 3E I 4C,5B) I (1 A,2B f 3E,4C,5C),(1 A,2B,3E,4C,5D),(1 A,2B, 
3E,4D,5A),(1 A^B.SE^D.SBJ.CIA^B.SE^D.SCJ.CIA^B.SE^D.SDJXIA^B.SF^A.SAJ.tlA^B.SF^A.S B),(1 A,2B,3F, 
4A,5C) t (1A l 2B,3F t 4A,5D),(lA I 2B,3F,4B f 5A),(1A,2B l 3F,4B f 5B),(1A,2B ( 3F,4 B,C5),(1 A,2B,3F,4B,5D),(1 A,2B,3F,4C, 
SAJ^IA^B.SF^C.SBJ.tlA^B.SF^C.SCJ^IA^B.S F t 4C,5D),(1 A,2B,3F,4D,5A),(1 A,2B,3F,4D,5B),(1 A^B.SF^D.SC), 
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(lA^B.SF^D.SDJ^IA^C.aA^A.SAJ^IA^C.SA^A.SBJ.ClA^C.SA^A.SCJ^IA^C.aA^A.SDJ.tlA^CaA^B^A)^ 
1A l 2C I 3A l 4B > 5B) l (1A,2C,3A,4B t 5C),(1A i 2C t 3A,4B l 5D) > (1A ( 2C t 3A,4C i 5A) f (lA l 2C f 3A,4C l 5B),(1A l 2C,3A,4C ( 5C) > ( 
2C,3A > 4C f 5D),(1A t 2C,3A l 4D,5A) > (1A f 2C l 3A > 4D,5B) l (1A,2C,3A,4D,5C),(1A t 2C,3A t 4D,5D) l (1A,2C,3B f 4A,5A),(1A, 
2C,3B,4A,5B),(1A I 2C,3B,4A,5C) ( (1A, 2C,3B,4A,5D),(1 A.2C.3B 4B,5A),(1 A^C.SB^B.SBJ^I A,2C,3B,4B,5C),(1 A.2C, 

5 3B,4B,5D), (1A,2C > 3B,4C f 5A),(lA,2C,3B,4C,5B) f (lA,2C,3B > 4C,5C) > {1A l 2C t 3B,4C,5D),(1A,2C,3B,4D l 5A),(1A,2C, 
SB^D.SBJ.flA^C.SB^D.SCJ.tlA^CSB^D.SDJ.tlA^C.SC^A.SAJ^IA^C.S C,4A,5B),(1 A,2C,3C,4A,5C),(1 A.2C, 
SC^A.SDJ^IA^C.SC^B.SAJ^IA^CSC^B.SBJ^IA^CSC^B.SCJ^IA^C.SC^B.SDJ^IA^CSC^CSAJ^IA^C, 
3C,4C,5B),(1A,2C,3C,4C,5C), (lA^C.SC^CSDJ^IA^C.SC^D.SAJ^IA^CSC^D.SBJ.CIA^CSC^D.SCJ.tlA^C, 
3C.4D, SDJ^IA^C.SD^A.SAJ.flA^CSD^A.SBJ^IA^C.SD^A.SCJ.ClA^CSD^A.SDJ^IA^CS D,4B,5A),(1A2C, 

*0 SD^B.SBJ^IA^C.SD^B.SCJ^IA^CSD^B.SDJ^IA^CSD^C.SAJ.tlA, 2C,3D,4C,5B),(1 A^C.SD^C.SC^O A.2C, 
SD^C.SDJ.OA^CSD^D.SAMIA^CSD^D.SB A,2C,3D,4D,5C),(1 A,2C,3D,4D,5D),(1 A,2C,3E,4A,5A),(1 A.2C, 
SE^A.SBJ^IA^CSE^A.SCJ^IA^CSE^A.SDJ.CIA^CSE^B^^IA^C.SE^B.SBJ.CIA^CSE^B.S^^IA^C, 3E, 
4B I 5D),(1A,2C,3E > 4C,5A) I (1A I 2C,3E,4C,5B),(1A I 2C,3E,4C,5C),(1A > 2C,3E,4C,5D),(1A,2C,3E,4D,5A),(1A,2C,3E > 
4D,5B),(1A,2C,3E,4D,5C),(1A,2C,3E,4D,5D),(1A > 2C,3F > 4A,5 A),(1 A,2C,3F,4A,5B),(1 A^CSF^A.SCJ.O A^C.SF^A, 

15 SDJ.OA^CSF^B.SAJ.OA^C.SF^ B,5B),(1A,2C,3F,4B t 5C),(1 A,2C,3F,4B,5D),(1 A^C.SF^C.SAJ.O A^C.SF^C.SB), 
(lA^C.SF^C.SCJ.OA^C.SF^C.SDMlA^C.SF^ 

2D,3A,4A,5A) I (1A I 2D,3A,4A,5B),(1A,2D I 3A,4A,5C) > (1A > 2D,3A > 4A > 5D) > ( 1 A,2D,3A,4B,5A),(1 A,2D,3A,4B,5B),(1 A,2D, 
3A > 4B l 5C) l (1A f 2D,3A,4B > 5D),(1A,2D,3A I 4C l 5A),(1A,2D,3A,4C,5B) l (lA l 2D,3A,4C > 5C),(1A,2D I 3A t 4C l 5D) t (1A,2D > 
3A,4D,5A),(1A,2D,3 A,4D,5B),(1 A,2D,3A,4D,5C),(1 A,2D,3A,4D,5D),(1 A,2D,3B,4A,5A),(1 A,2D,3B,4A,5B),(1 A, 2D, 

20 SB^A.SCJ.CIA^D.SB^A.SDJ^IA^D^B^B^.flA^D.SB^B.SBJ.CIA^D.SB^B.SC), (1 A,2D,3B,4B,5D),(1 A,2D,3B, 
4C,5A),(1A > 2D,3B,4C,5B),(1A I 2D,3B,4C,5C),(1A,2D,3B 1 4C > 5D),(1A > 2D,3B,4D,5A),(1A,2D,3B,4D,5B),(1A,2D,3B, 
4D,5C) 1 (1A,2D,3B,4D,5D) 1 (1A,2D,3 C,4A,5A),(1 A,2D,3C,4A,5B),(1 A,2D,3C,4A,5C),(1 A f 2D,3C,4A,5D),(1 A.2D.3C, 
4B,5A),(1A, 2D,3C,4B,5B),(1A,2D l 3C,4B,5C),(1A,2D,3C,4B,5D),(1A,2D > 3C,4C,5A),(1A,2D,3C,4C,5B) t (1A.2D.3C, 
4C,5C),(1A t 2D I 3C,4C,5D),(lA,2D,3C,4D,5A),(1A,2D,3C,4D,5B).(1A,2D,3C.4 D,5C),(1 A,2D,3C,4D,5D),(1 A,2D,3D, 

25 4A,5A) > (1A,2D,3D,4A,5B),(1A I 2D f 3D,4A,5C),(lA,2D,3D > 4A l 5D),(1A,2D,3D,4B I 5A),(1A,2D,3D > 4B > 5B),(1A,2D f 3D, 

4B 1 5C) > (1A,2D,3D,4B,5D),(1 A,2D,3D,4C,5A),(1 A,2D,3D,4C,5B),(1 A^D^D^CSCJ^I A,2D,3D,4C,5D),(1 A.2D.3D, 
4D, SAJ.flA^D.SD^D.SBJ^IA^D^D^D.SCJ.ClA^D.SD^D.SDJ^IA^D.SE^A.SAJ^IA^D.S E,4A,5B),(1 A.2D.3E, 
4A l 5C) l (1A,2D,3E,4A,5D),(lA,2D,3E,4B,5A),(1A,2D,3E,4B,5B),(1A,2D l 3E,4B,5C),(1A,2D,3E,4B,5D) > (1A,2D f 3E t 4C, 
SAJ.ClA^D.SE^CSBJ.CIA^D.SE^CSCJ^IA^D.SE^CSDJ.ClA^D.SE^D.SAJ.tlA^D.SE^D.SBJ^IA^D.SE^D, 

30 5C),(1A,2D,3E,4 D,5D),(1 A^D.SF^A.SA),^ A,2D,3F,4A,5B),(1 A,2D,3F,4A,5C),(1 A,2D,3F,4A,5D),(1 A,2D,3 F,4B,5A), 
(lA^D.SF^B.SBJ^IA^D.SF^B.S^^IA^D.SF^B.SDJ.flA^D.SF^CSAJ.flA^ D,3F,4C,5B),(1 A,2D,3F,4C,5C),(1 A, 
2D,3F 1 4C,5D),(1A I 2D,3F > 4D,5A),(1A,2D,3F,4D,5B),(1 A,2D,3F,4D,5C),(1 A,2D,3F,4D,5D),(1 A,2E,3A,4A,5A),(1 A.2E, 
3A,4A,5B),(1A,2E,3A,4A,5 C),(1 A^E^A^A.SDJ^I A,2E,3A,4B,5A),(1 A,2E,3A,4B,5B),(1 A,2E,3A,4B,5C),(1 A.2E.3A, 
4B,5D),(1A,2E > 3A,4C > 5A) > (1A,2E,3A,4C,5B),(1A,2E I 3A 1 4C,5C),(1A,2E,3A,4C I 5D),(1A,2 E,3A,4D,5A),(1 A^E.SA^D, 

35 5B),(1A I 2E,3A I 4D,5C),(1A,2E,3A,4D,5D),(1A,2E 1 3B,4A,5A),(1A,2E,3B 1 4A > 5B),(1A,2E,3B,4A,5C),(1A,2E > 3B > 4A,5D), 
(lA^E.SB^B.SAJ^IA^E.SB^B.SBJ.CIA^E.SB^B.SCJ.flA^E.SB^B.SDJ.CIA^E.SB^C.SAJXIA^E.SB^C.SBJ^IA, 
2E,3B, 4C,5C),(1A,2E,3B,4C > 5D),(1A,2E,3B 1 4D,5A) I (1A I 2E,3B,4D,5B),(1A > 2E,3B I 4D,5C),(1A 1 2 E,3B,4D,5D),(1 A, 
2E,3C,4A,5A) I (1A,2E,3C,4A,5B),(1A ) 2E,3C,4A,5C),(1A,2E I 3C,4A,5D),(1A,2E,3,C,4B,5A),(1A,2E,3C,4B,5B),(1A 
SC^B^CJ^IA^E.SC^B.SDJ^IA^E.SC^C, 5A),(1 A,2E,3C,4C,5B),(1 A,2E,3C,4C,5C),(1 A,2E,3C,4C,5 D),(1A,2E, 

40 3C,4D,5A),(1A,2E,3 C,4D,5B),(1 A,2E,3C,4D,5C),(1 A,2E,3C,4D,5D),(1 A^E.SD^A.SAJ^I A,2E,3D,4A,5B),(1 A, 2E, 
3D,4A,5C),(1A,2E l 3D,4A,5D),(1A,2E,3D,4B,5A),(1A,2E,3D,4B,5B),(1A,2E,3D,4B l 5C) f (1A l 2E,3D,4B > 5D),(1A,2E,3D, 
4C,5A) l (1A,2E,3D,4C,5B),(lA,2E f 3D,4C,5C),(lA,2E,3D,4C,5D) l (1A,2E,3D,4D,5A),(1A,2E,3D,4D l 5B),(1A,2E,3D, 
4D,5C),(1A,2E,3D 1 4D,5D),(1A,2E,3 E^A.SAJ^I A^E.SE^A.SBJ.fl A,2E,3E,4A,5C),(1 A,2E,3E,4A,5D),(1 A^E.SE^B, 
SAJ.CIA^E.SE^B.SBJ^IA^E.SE^B.SCJ^IA^E.SE^B.SDJ.flA^E.SE^CSAJ^IA^E.SE^CSBJ^IA^E.SE^CSC), 

45 (lA^E.SE^C.SDJ.CIA^E^E^D.SAJ^IA^E.SE^D.SBJ.CIA^E^E^D.SCJ.ClA^E.SE^D.SDJ.tlA^E.SF^A.SAJ^IA, 
2E,3F,4A > 5B),(1A,2E,3F,4A,5C),(1A,2E 1 3F,4A,5D) > (1A > 2E > 3F,4B,5A),(1A,2E,3F,4B,5B),(1A,2E I 3F,4B,5C) I (1A,2E,3F, 
4B,5D),(1A,2E, 3F,4C,5A),(1 A,2E,3F,4C,5B),(1 A,2E,3F,4C,5C),(1 A,2E,3F,4C,5D),(1 A,2E,3F,4D,5A),(1A, 2E,3F,4D, 
SBJ.ClA^E.SF^D.SQ^IA^E^F^D.SDJ^IB^A.SA^A.SAJ^IB^A.SA^A.SBJ.t IB^A.SA^A.SCMIB^A.SA^A.SD), 
(IB^A.SA^B.SAJ.CIB^A.SA^B.SBJ^IB^A.SA^B, 5C),(1 B,2A,3A,4B,5D),(1 B^A.SA^C.SAJ.O B,2A,3A,4C,5B),(1 B, 

50 2A,3A,4C l 5C),(1B l 2A,3A,4C,5D),(1B,2A,3A l 4D f 5A),(1B,2A,3A,4D,5B),(1B,2A,3A,4D l 5C),(lB > 2A,3A t 4D,5D),(1B,2 A, 
SB^A.SAJ^IB^A.SB^A.SBJ.CIB^A-.SB^A.SCJ^IB^A.SB^A.SDJ.flB^A.SB^B.SA)^ 1 B^A.SB^B.SB^IB^A.SB, 
4B,5C),(1 B,2A,3B,4B,5D),(1 B,2A,3B,4C,5A) f (1 B,2A,3B,4C, 5B),(1 B,2A,3B,4C,5C),(1 B,2A t 3B,4C,5D),(1 B,2A,3B,4D, 
5A),(1 B,2A,3B,4D,5B),(1 B,2A,3B,4D,5C),(1 B,2A,3B,4D,5D),(1 B,2A,3C,4A,5A),(1 B^A.SC^A.SB),^ B^A.SC^A, 
5.C,(1 B, 2A,3C,4A,5D),(1 B,2A,3C,4B,5A),(1 B,2A,3C,4B,5B),(1 B.2A.3C,4B,5C),(1 B^A.SC^B.SD), (1 B,2A,3C,4C, 

55 S^^IB^A.SC^C.SBJ.tlB^A.SC^CSCJ.flB^A.SC^CSDJ.CIB^A.SC^D.SAJ^IB^A.SC^D.SBJ.tlB^A.SC^D, 
5C),(1 B^A.SC^D.SD)^ B,2A,3D,4A,5A),(1 B,2A,3D,4A,5B),(1 B,2A,3D,4-A,5C),(1 B,2A,3D,4A,5D),(1 B,2A,3D,4B, 
5A),(1 B,2A,SD,4B,5B),(1 B,2A,3D,4B,5C),(1 B,2A,3D,4B,5D),(1 B,2A,3D,4C,5A),(1 B,2A,3D,4C,5B),(1 B,2A,3D,4C, 
5C), (1 B,2A,3D,4C,5D),(1 B,2A,3D,4D,5A),(1 B,2A,3D,4D,5B),(1 B,2A,3D,4D,5C),(1 B,2A,3D,4 D,5D),(1 B,2A,3E,4A, 
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SAJ.flB^AiSE^A.SBJ^IB.aA.aE^A.eCJ^IB.aA.SE^A.SDJ.CIB^A, 3E,48,5A),(1 B^A.SE^B^B^ie^A.SE^B.SC), 
(1 B f 2A,3E l 4B,5D) l (1 B,2A,3E,4C,5A) ( (1 B,2A,3E,4C,5B),(1 B,2A,3E,4C,5C),(1 B,2A,3E,4C,5D),(1 B,2A,3E,4D,5A), 
(1B,2A,3E,4D,5B), (IB^A^E^D.SCJ.ClB^A.aE^D.SDJ^IB.aA.aF^A.SAJ^IB.aA.SF^A.SBJ.CIB^A.aF^A, 5C),(1B, 
2A,3R4A,5D) > (1B,2A,3F,4B,5A),(1B t 2A l 3F,4B l 5B),(lB,2A,3F l 4B > 5C) t (1B t 2A l 3F f 4 B,5D),(1B,2A,3F,4C,5A),(1 B.2A.3F, 

5 4C,5B),(1B,2A,3F,4C,5C),(1B,2A,3F,4C,5D),(1B > 2A,3 F^D.SAJ^IB^A.SF^D.SBJ^IB^A.SF^D.SCJ^IB^A.SF^D, 
5D),(1 B,2B,3A,4A,5B),(1 B,2B,3A,4A,5C),(1 B,2B,3A,4A,5D),(1 B,2B,3A,4B,5A) t (1 B,2B,3A,4B,5B),(1 B,2B,3A,4B, 
5C),( 1 B,2B,3A,4B,5D),(1 B,2B,3A,4C,5A),(1 B,2B,3A,4C,5B),(1 B,2B,3A,4C,5C),(1 B 2B,3A,4C, 5D),(1 B,2B,3A,4D, 
5A),(1 B,2B,3A,4D,5B),(1 B,2B,3A,4D,5C),(1 B,2B,3A,4D,5D),(1 B,28,3B,4A,5A),(1 B,26,3B,4A,5B),(1 B,2B,3B,4A,5C), 
(1 B f 2B,3B,4A t 5D),(1 B^B^B^B.SAJ.O B, 2B,3B,4B,5B),(1 B,2B,3B,48,5C),(1 B,2B,3B,4B,5D),(1 B f 2B,3B,4C,5A),(1 B, 

w 2B,3B,4C,5B), (1 8,2B,3B,4C,5C),(1 B,2B,3B,4C,5D),(1 B,2B,3B,4D,5A),{1 B,2B,3B,4D,5B),(1 B,2B,3B,4D, 5C),(1B, 
2B,3B,4D,5D),(1 B,2B,3C,4A,5A) t (1 B,2B,3C,4A,5B),(1 B,2B,3C,4A,5C),(1 B.28,3 C,4A,5D),(1 B,2B,3C,4B,5A),(1 B.2B, 
SC^B.SBJ.O B,2B,3C,4B,5C),(1 B,2B,3C,4B,5D),(1 B,2B,3C,4C,5A),(1 B,2B,3C,4C,5B),(1 B,2B,3C,4C,5C),(1 B,2B,3C, 
4C,5D),(1 B,28,3C,4D,5A),(1 B,2B,3C,4D,5B),(1 8,2B,3C,4D,5C),(1 B,2B,3C,4D,5D),(1 B,28,3D,4A,5A),(1 B,2B,3D,4A, 
SBJ.tlB^B.SD^A.SCJ^IB^B.SD^A.SDJ.tlB^B.SD^B.SAJXIB^B.SD^B^^IB^B.SD^B.SCJ.CIB^B.SD^B, 

15 5D),(1 B,2B,3D,4C,5A),(1 B,2B,3D,4C,5B),(1 B,2B,3D,4C,5C),(1 B,2B,3D,4C,5D),(1 B,2B,3D,4D,5A),(1 B,2B,3D,4D, 
5B),(1 B,26,3D,4D,5C),(1 B,2B,3D,4D,5D ),(1 B,2B,3E,4A,5A),(1 B,2B,3E,4A,5B),(1 B,2B,3E,4A,5C),(1 B,28,3E,4A, 
5D),(1 B,2B,3E,4B,5A),(1 B,2B,3E,4B,6B),(1 B,2B,3E,4B,5C),(1 B,2B,3E,4B,5D),(1 B,26,3E,4C,5A),(1 8,28,3E,4C,5B), 
(1 B,2B,3E,4C,5C),(1 B,2B,3E,4C,5D),(1 B,2B,3E,4D,5A),(1 B,2B,3E,4D,56),(1 B,2B,3E,4D,5C),(1 B,2B,3E,4D,5D), 
(1B,2B,3F,4A,5A),(1B,2B,3F,4A,5B),(1B,2B,3F^ 

20 2B,3F,4B,5C),(1B,2B,3F,4B,5D),(1B,2B,3F,4C,5A),(lB,2B,3F,4a^ 

4D,5A),(1B,2B,3F,4D f 5B),(ie,2B,3F,4D,5C),(1B,2B,3F,4D,5D),(lB,2C,3A,4A,5A),(1B,2C, 3A,4A,5B),(1B,2C,3A,4A, 
5C),(1 B,2C,3A,4-A,5D),(1 B,2C,BA,4B,5A),(1 B,2C,3A,4B,5B),(1 B,2C,3A,4B,5C),(1 B,2C,3A,4B,5D),(1 B,2C,3A,4C, 
SAJ.tlB^C.SA^C.SBJ.tlB^CSA^CSCJ.flB^CSA^C.SDJ^IB^CSA^D.SAJ^IB^CSA^D.SBJ^IB^CSA^D, 
5C),(1 B,2C,3A,4D, 5D),(1 B,2C,3B,4A,5A),(1 B,2C,3B,4A,5B),(1 B,2C,3B,4A,5C),(1 B,2C,3B f 4A,5D),(1 B.2C.3 B,4B, 

25 5A),(1B,2C,3e,4B,5B),(1B,2C,3B,4B,5C),(1B,2C,3B,4B,5D) t (1B,2C,3B,4C,5A),(1B,2C,3B,4C,5B),(1B,2C,3B,4C, 

5C),(1 B,2C,3B,4C,5D),(1 B,2C,3B,4D,5A),(1 B,2C,3B,4D,5B), (1 B,2C,3B,4D,5C),(1 B,2C,3B,4D,5D),(1 B,2C,3C,4A, 
5A),(1B,2C,3C,4A,5B),(1B,2C,3C,4A,5C),(1B,2C,3C,4A,5D),(1B,2C,3C,4B,5A),(1B,2C,3C,4B,5B),(1B,2C,3C,4B, 
5C),(1 B,2C,3C, 4B,5D),(1 B,2C,3C,4C,5A),(1 B,2C,3C,4C,5B),(1 B,2C,3C,4C,5C),(1 B,2C,3C,4C,5D),(1 B,2 C,3C,4D, 
SAJ^IB^CSC^D.SBJ^IB^CSC^D^O^IB^CSC^D.SDJ^IB^CSD^A.SA)^ 1 B,2C,3D,4A,5B),(1B,2C,3D,4A, 

30 5C),(1B,2C,3D,4A,5D),(1B,2C,3D,4B,5A),(1B,2C,3D,4B, 5B),(1 B,2C,3D,4B,5C),(1B,2C,3D,4B,5D),(18,2C,3D,4C, 
5A),(1 B,2C,3D,4C,58),(1 B.2C.3 D,4C,5C),(1 B,2C,3D,4C,5D),(1 B,2C,3D,4D,5A),(1 B,2C,3D,4D,5B),(1 B,2C,3D,4D. 
5C),(1 B, 2C,3D,4D,5D),(1 B,2C,3E,4A,5A),(1 B,2C,3E,4A,5B),(1 B,2C,3E,4A,5C),(1 B,2C,3E,4A,5D), (1 B,2C,3E,4B, 
5A),(1 B,2C,3E,4B,5B),(1 B,2C,3E,4B,5C),(1 B,2C t 3E,4B,5D),(1 B,2C,3E,4C,5A),(1 B,2C,3E,4C,5B),(1 B,2C,3E,4C, 
5C),(1 B,2C,3E,4C,5D),(1 B,2C,3E,4D,5A),(1 B,2C,3E,4D,5B),(1 B,2C,3E,4D,5C),(1 B,2C,3E,4D,5D),(1 B,2C,3F,4A, 

35 5A),(1B,2C,3F,4A,5B),(1B, 2C,3F,4A,5C),(1 B,2C,3F,4A,5D),(1 B,2C,3F,4B,5A),(1 B,2C,3F,4B,5B),(1 B,2C,3F,4B,5C), 
(1 e,2C,3F,4B,5D),(lB,2C,3F,4C,5A),(1B,2C t 3F,4C,5B),(lB t 2C,3F,4C,5C),(1B,2C,3F,4C,5D), (1 B,2C,3F,4D,5A),(1 B, 
2C,3F,4D,5B) I (1B,2C,3F,4D,5C),(1B,2C,3F,4D,5D),(1B,2D,3A,4A, 5A),(1 B,2D,3A,4A,5B),(1 B,2D,3A,4A,5C),(1 B,2D, 
SA^A^D^IB^D.SA^B^AJ.OB^D.SA^B^BMIB^D.SA^B.S^ 

4C,5B),(1B, 2D,3A,4C,5C),(1B,2D t 3A,4C,5D),(1B,2D,3A,4D,5A),(1B,2D,3A,4D,5B),(1B,2D t 3A,4D,5C ),(1B,2D,3A, 

40 4D,5D),(1 B,2D,3B,4A,5A),(1 B,2D,3B,4A,5B),(1 B,2D,3B,4A,5C),(1 B,2D,3B,4 A,5D),(1 B,2D,3B,4B,5A),(1 B,2D,3B,4B, 
5B),(1 B,2D,3B,4B,5C),(1 B,2D,3B,4B,5D),(1 B,2D,3B,4C,5A),(1 B,2D,3B,4C,5B),(1 B,2D,36,4C,5C),(1 6,2D,3B,4C, 
5D),(1 B,2D,3B,4D,5A),(1 B,2D,3B,4D,5B),(1 B,2D,3B,4D,5C),(1 B,2D,3B,4D,5D),(1 B,2D,3C,4A,5A),(1 B,2D,3C,4A, 
5B),(1 B,2D,3C,4A,5C),(1 B,2D,3C,4A,5D),(1 B,2D,3C,4B,5A),(1 B,2D,3C,46,5B),(1 B,2D,3C,4B,5C),(1 B,2D,3C,4B, 
5D),(1 B,2D,3C,4C,5A),(1 B,2D,3C,4C,5B),(1 B,2D,3C,4C,5C),(1 B, 2D,3C,4C,5D),(1 B,2D,3C,4D, 5A),(1 6,2D,3C,4D, 

45 sei.tie^D.SC^D.SO.tlB^D.SC^D.SDJ^IB^D.SD^A^AJ^IB^D.SD^A^BJ^IB^D.SD^A.SCJ^IB^D.SD^A, 

5D),(1 8.2D.3D, 4B,5A),(1 6,2D,3D,4B,5B),(1 B,2D,3D,46,5C),(1 B,2D,3D,4B,5D),(1 B,2D,3D,4C,5A),(1 B,2 D.3D.4C, 
5B),(1 B,2D,3D,4C,5C),(1 B,2D,3D,4C,5D),(1 B,2D,3D,4D,5A),(1 B,2D,3D,4D,5B), (1 B,2D,3D,4D,5C),(1 B,2D,3D,4D, 
5D),(1 6,2D,3E,4A,5A),(1 6,2D,3E,4A,5B),(1 B,2D,3E,4A,5C),(1 B,2D,3E,4A,5D),(1 6,2D,3E,4B,5A),(1 B,2D,3E,4B, 
56), (1 6,2D,3E,4B,5C),(1 B,2D,3E,4B,5D),(1 B,2D,3E,4C,5A),(1 B,2D,3E,4C,5B),(1 B,2D,3E,4C,5C),(1 B,2D,3E,4C, 

50 5D),(1 B,2D,3E,4D,5A),(1 B,2D,3E,4D,5B),(1 B,2D,3E,4D,5C),(1 B,2D,3E,4D,5D),(1 B,2D,3F,4A,5 A),(1 B,2D,3F,4A, 
5B),(1 B,2D,3F,4A,5C),(1 B,2D,3F,4A,5D),( 1 8,2D,3F,48,5A),(1 B,2D,3F,4 B,56),(1 B,2D,3F,46,5C),(1 B,2D,3F,4B,5D), 
(1 B,2D,3F,4C,5A),(1 B,2D,3F,4C,5B),(1 6,2D,3 F,4C,5C),(1 6,2D,3F,4C,5D),(1 B,2D,3F,4D,5A),(1 B,2D,3F,4D,5B),(1 B, 
2D,3F,4D,5C),(1B,2 D.SF^D.SDJ.JIB^E.SA^A^AJ^IB^E.SA^A^ej^ie^E.SA^A.SCJ^IB^E.SA^A.SD)^ ( 1B, 
2E,3A,4B,5A),(1 B,2E,3A,46,56),(1 B,2E,3A,4B,5C),(1 B,2E,3A,4B,5D),(1 B,2E,3A,4C, 5A),(1 B,2E,3A,4C,5B),(1 B.2E, 

55 3A,4C,5C),(1B,2E,3A,4C,5D),(18,2E,3A,4D,5A),(1B,2E,3 A,4D,5B),(1B,2E,3A,4D,5C),(1 B,2E,3A,4D,5D),(1 B.2E.3B, 
4A,5A),(1 B,2E,3B,4A,5B),(1 B, 2E,36,4A,5C),(1 B,2E,3B,4A,5D),(1 B,2E,3B,4B,5A),(1 B,2E,36,4B,5B),(1 B,2E,3B,4B, 
5C),(1 B,2E,36,46,5D),(1 B,2E,3B,4C,5A),(1 B,2E,3B.4C,5B),(1 B,2E,3B,4C,5C),(1 B,2E,3B,4C,5D),(1 B,2E,3B,4D, 
5A),(1 B,2E,3B,4D,5B),(1 B,2E,3B,4D,5C),(1 B,2E,3B,4D,5D),(1 B,2E,3C,4A,5A),(1 B,2E,3C,4A,5B),(1 6,2E,3C,4A, 
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5C),(1 B,2E,3C,4A f 5D),(1 B,2E,3C,4B,5A),(1 B,2E,3C,4B,5B),(1 B,2E,3C,4B,5C),(1 B,2E,3C,4B,5D),(1 B,2E,3C,4C, 
5A),(1 B,2E,3C,4C,5B),(1 B,2E I 3C,4C ( 5C),(1 B,2E,3C,4C,5D),(1 B,2E,3C,4D,5A) t (1 B,2E I 3C i 4D,5B) f (1 B,2E,3C,4D, 
5C),(1 B,2E,3C,4D,5D),(1 B,2E,3D ( 4A,5A),(1 B,2E,3D,4A,5B),(1 B,2E,3D,4A,5C),(1 B I 2E,3D I 4A,5D),(1 B,2E,3D,4B, 
5A),(1 B,2E,3D,4B,5B),(1 B,2E,3D,4B f 5C),(1 B,2E,3D,4B,5D),(1 B,2E,3D,4C,5A),(1 B,2E,3D,4C,5B),(1 B,2E,3D,4C, 

5 5C),(1 B,2E,3D I 4C,5D) I (1 B,2E,3D,4D,5A),(1 B,2E,3D,4D I 5B),(1 B,2E t 3D,4D f 5C),(1 B,2E,3D,4D,5D),(1 B,2E,3E,4A, 

5A),(1 B ( 2E,3E,4A,5B),(1 B,2E,3E,4A,5C),(1 B,2E,3E,4A,5D),(1 B,2E,3E,4B,5A),(1 B,2E,3E,4B,5B),(1 B.2E.3E, 4B.5C), 
(1 B,2E,3E,4B,5D),(1 B,2E,3E,4C,5A),(1 B,2E,3E,4C,5B),(1 B,2E,3E,4C,5C),(1 B,2E,3E,4C,5D),(1 B t 2E t 3E f 4D,5A), 
(1B,2E,3E,4D,5e),(18,2E,3E,4D,5C),(1B,2E,3E,4D,5D),(1 B^E^F^A.SAJ^IB^E.SF^A.SBJ^IB.aE^F^-A.SCJ.ClB, 
2E,3F,4A,5D),(1 8,2E,3F,4B,5A), (1 B,2E,3F,4B,5B),(1 B,2E,3F,4B,5C),(1 B,2E,3F,4B,5D),(1 B ( 2E ( 3F f 4C,5A) f (1 B,2E,3F, 

10 4C.5 B),(1 B t 2E,3F,4C,5C),(1 B,2E I 3F,4C,5D),(1 B,2E,3F,4D,5A),(1 B,2E,3F,4D,5B),(1 B,2E,3F,4 D,5C),(1 B,2E,3F,4D, 
5D),(1C,2A l 3A,4A l 5A) > (1C I 2A,3A } 4A l 5B) f (lC I 2A,3A,4A l 5C),(lC,2A t 3A,4A i 5D) > (lC l 2A,3A l 4B,5A),(lC l 2A,3A > 4B, 
SBJ^IC^A.SA^B.SCJ^IC^A.SA^B.SDJ^IC^A.SA^C.SAJ^IC^A.SA^C.SBJ.flC^A.aA^C^CJ^IC^A.SA^C, 
5D),(1C,2A,3A,4D,5 AJ.CIC^A.SA^D.SBJ^IC^A.SA^D^CJ^IC^A.SA^D.SDJXIC^A.SB^A.SAJ.CIC^A.SB, 4A, 
5B),(lC,2A l 3B,4A > 5C),(lC > 2A > 3B l 4A t 5D) I (1C,2A l 3B,4B,5A) > (1C,2A,3B t 4B,5B) t (1C,2A,3B f 4B,5C) t (1C,2A > 3B f 4B, 

15 SDJ^IC^A.SB^CSAJ^lC^A.SB^CSBJ^IC^A.SB^C.SCJ.tlC^A.SB^C.SDJ.tlC^A.SB^D.SAJ^IC^A.SB^D, 

5B) f (1C,2A,3B,4D,5C),(1C,ZA,3B t 4D,5D),. (IC^A.SC^A.SAJ^IC^A.SC^A.SBJ.CIC^A.SC^A.SCJ.JIC^A.SC^A, 
5D),(1 C,2A f 3C,4B, SAJ.flC^A.SC^B.SBJ^lC^A.SC^B.SCJ.ClC^A.SC^B.SDJ^IC^A.SC^CSAJ.CIC^A^C, 4C f 
SBJ^lC^A.SC^CSCJ^lC^A^C^CSDJ.tlC^A.SC^D.SAJ.ClC^A.SC^D.SBJ.ClC^A, 3C,4D,5C),(1 C ( 2A,3C,4D, 
5D),(lC,2A,3D,4A l 5A) t (1C > 2A,3D,4A,5B) l (1C > 2A f 3D l 4A,5C),(1C,2A,3D f 4A > 5D),(lC,2A,3D,4B I 5A) f (1C,2A,3D,4B, 

20 5B),(1C,2A,3D,4B,5C),(1C,2A,3D,48, 5D),(1C f 2A I 3D f 4C f 5A),(1C f 2A,3D f 4C i 5B) i (1C I 2A > 3D,4C i 6C),(1C l 2A l 3D i 4C > 
5D),(1C,2A,3D, 4D f 5A),(1C > 2A,3D I 4D > 5B) l (1C,2A l 3D I 4D I 5C) l (lC,2A,3D,4D,5D),(lC > 2A,3E,4-A > 5A),(lC, 2A,3E,4A, 
5B),(1C,2A I 3E,4A,5C),(1C > 2A,3E,4A > 5D) > (1C > 2A I 3E > 4B,5A),(1C,2A,3E I 4B,5B),(1C,2A 1 3E > 4B,5C) I (1C,2A,3E,4B I 
5D) > (1C > 2A,3E > 4C I 5A),(1C,2A > 3E,4C I 5B),(1C,2A > 3E,4C,5C),(1C,2A,3E,4C,5D) I (1C > 2A,3E,4D,5A) I (1C I 2A I 3E 1 4D, 
5B),(1C,2A,3E i 4D t 5C) i (1C t 2A,3 E^D.SDJ^IC^A.SF^A.SAJ^IC^A.SF^A.SBJ.CIC^A.SF^A.SCJ.flC^A.SF^A.SD), 

25 (1C.2 A.SF^B.SAJ^IC^A.SF^B.SBJ^IC^A.SF^B.SCJ.flC^A.SF^B.SDJ^IC^A.SF^CSAJ.CI C,2A,3F,4C,58),(1C, 
2A,3F,4C,5C),(1C,2A,3F,4C,5D),(1C 1 2A,3F,4D 1 5A) } (1C,2A > 3F > 4D I 5B), (lC,2A,3F,4D,5C),(lC,2A,3F f 4D,5D),(lC,2B, 
3A,4A,5A),(1C,2B,3A,4A,5C) f (lC,2B,3A,4A, SDJ^IC^B.SA^B.SAJ.CIC^B.SA^B.SBJ^IC^B.SA^B.SCJ.CIC^B.SA, 
46,5D),(1C,2B,3 A^CSAJ.ClC^B.SA^CSBJ.CIC^B.SA^CSQ.tlC^B.SA^CSDJ.tlC^B.SA^D.SAJ.ClC, 2B.3A, 
4D l 5B) t (lC t 2B,3A,4D,5C),(lC,2B,3A,4D l 5D),(1C,2B,3B,4A l 5A),(1C > 2B,3B,4A,5C),(1C,2B,3B,4A,5D),(lC,2B,3B,4B l 

30 SAJ^IC^B^B^B.SBJ^IC^B.SB^B.SCJ^IC^B.SB^B.SDJ^IC^B.SB^CSAJ.CIC^B.SB^C.SBJ.CIC^B.SB^C, 
5C) I (lC,2B,3B l 4C I 5D) l (1C > 2B,3B f 4D l 5A),(1C l 2B t 3B,4D,5B) l (lC,2B,3B t 4D f 5C) l (lC,2B,3B,4D,5D),(lC ) 2B,3C > 4A^ 
5A),(1C, 2B,3C,4A,5B),(1C,2B f 3C l 4A,5C),(lC,2B l 3C,4A,5D),(lC > 2B l 3C > 4B t 5A),(1C,2B > 3C,4B,5B) > (1C,2B,3C,4B, 
5C) 1 (1C,2B 1 3C,4B > 5D) I (1C,2B 1 3C I 4C,5A),(1C,2B,3C > 4C,5B),(1C,2B I 3C I 4C, 5C) f (1C,2B f 3C f 4C ( 5D) l (1C I 2B,3C l 4D f 
5A),(1C,2B,3C,4D,5B),(1C,2B,3C,4D,5C),(1C,2B,3 C,4D,5D),(1C,2B,3D,4A,5A),(1C,2B,3D,4A,5B),(1C,2B,3D,4A, 

35 SCJ^IC^B.SD^A.SDJ^IC^B^D^B.SAJ.flC^B.SD^B^BJ.tlC^B.SD^B.SCJ.flC^B.SD^B.SD), (10,26,30,40, 

5A), (1C I 2B,3D,4C,5B),(1C,2B,3D,4C,5C),(1C,2B,3D,4C,5D),(1C,2B,3D,4D,5A),(1C,2B,3D,4 D,5B),(1C,2B,3D,4D, 
5C), (10,26,30,40,50), (1C,2B,3E,4A,5A),(lC,2B,3E,4A F 5B),(lC,2B f 3E,4A,5C),(1C,2B,3E,4A,5D),(lC l 2B,3E,4B, 
5A),(1C,2B,3E f 4e,5e),(1C,2e,3E,4B,5C),(lC,2B,3E,4B,5D),(lC,2e,3E,4C,5A),(lC,2B,3E,4C f 5B) ( (lC,2B,3E,4C, 
5C),(1 C,28,3E,4C,5D),(1 C,26,3E,4D,5A),(1 C,2B,3E,4D,5B),(1 C,2B,3E,4D,5C),(1 C,2B,3E,4D,5D),(1 C,2B,3F,4A, 

40 5A) > (1C,2B,3F,4A,5B),(1C,2B l 3F,4A,5C),(1C l 2B f 3F,4A,5D),(1C > 2B,3F,4B f 5A),(1C,2B,3F l 4 B,5B),(1C,2B,3F,46,5C), 
(1 C,2B,3F,48,5D),(1 C,2B,3F,4C,5A),(1 C,2B,3F,4C,56),(1 C,2B,3 F,4C,5C),(1 C,2B,3F,4C,5D) f (1 C,28,3F,4D,5A), (1 C, 
2B,3F,4D,5B),(1C,2B,3F,4D,5C),(1C,2 B.SF^D.SDJ^IC^C.SA^A.SAJ^IC^CSA^A.SBJ.flC^CSA^A.SCJ^IC^C, 
3A,4A,5D),( 1C,2C,3A,4e,5A),(1C,2C,3A,4e,5B),(lC,2C,3A,4B,5C),(1C,2C,3A,4B,5D),(1C,2C,3A,4C, 5A),(1C,2C, 
3A f 4C l 5B) l (1C,2C f 3A l 4C,5C) l (1C,2C l 3A l 4C > 5D),(1C,2C l 3A l 4D l 5A) > (1C t 2C a 3 A,4D,5B),(1C,2C,3A,4D,5C),(iC,2C, 

45 3A,4D,5D),(lC f 2C,3B,4A,5A),(lC t 2C,3B,4A,5B),(lC, 2C,3B,4A > 5C),(lC,2C,3B f 4A,5D),(lC,2C J 3e > 46,5A),(1C l 2C, 
38,4B,5B),(1C,2C,3B,48,5C), (1C f 2C,3B,4B l 5D) l (1C t 2C > 3B l 4C,5A) l (1C l 2C l 3B,4C,5B),(1C,2C l 3B l 4C l 5C) s (1C > 2C l 
3B.4C, 5D),(1C,2C,3B,4D,5A),(1C,2C,3B,4D,5B),(1C,2C,3B,4D,5C),(1C,2C,3B,4D,5D),(1C,2C,3 C,4A,5A),(1-C ( 2C, 
3C,4A,5B),(1C,2C,3C,4A,5C),(1C,2C,3C,4A,5D),(1C,2C,3C t 4B,5A),(lC, 2C,3C,4B,58),(1C,2C,3C,4B,5C),(1C,2C, 
SC^B.SDJ^IC^C.SC^C.SA), (10,20,30,40,58), (1C,2C,3C,4C,5C),(1C,2C,3C,4C,5D),(1C,2C,3C,4D,5A),(1C,2C, 

50 3C,4D,5B),(1C,2C,3C,4D, SCJ^IC^CSC^D.SDJ.flC^CSD^A.SAJ^lC^C.SD^A.SBJ^lC^CSD^A.SC), (10,20,3 
D f 4A f 5D),(1C,2C f 3D,4B,5A) f (1C,2C,3D t 4B l 5B),(1C,2C i 3D,4B,5C),(1C,2C,3D f 4B,5D),(1C, 2C,3D,4C,6A) J (1C,2C, 
3D,4C,5B),(1C,2C,3D,4C,5C),(lC t 2C,3D,4C,5D),(lO,2C,3D,4D,5A), (1C,2C,3D,4D,5B) t (1C,2C t 3D,4D,5C),(lC,2C, 
3D,4D,5D),(1C t 2C,3E,4A,5A),(1C,2C t 3E.4A, SBJ^IC^C.SE^A.SCJ^IC^C.SE^A.SDJ^IC^CSE^e.SA), (10,20, 
3E,4B,5B),(1C,2C,3E, 4B,5C),(1C,2C l 3E,4e,5D),(lC t 2C,3E,4C,5A),(1C,2C l 3E t 4C,5B),(1C,2C,3E,4C,5C) f (lO,2C, 

55 3E,4C t 5D) f (1C l 2C l 3E i 4D I 5A) i (1C,2C,3E,4D f 5B) i (1C l 2C I 3E I 4D f 5C) f (1C,2C f 3E f 4D i 5D) t (1 C,2C,3F,4A,5A),(lC,2C f 
SF^A.SBJ.CIC^CSF^A.SCJ^IC^CSF^A.SDJ^IC^C.SF^B.SA), (IC^C.SF^B.SBJ.OC^C.SF^B.SCJ.OC^C.SF, 
4B,5D),(1C,2C,3F,4C,5A),(1C,2C,3F,4C,5 B) l (1C ( 2C,3F l 4C,5C) ( (1C t 2C l 3F,4C l 5D) l (1C l 2C t 3F l 4D ( 5A) t (1C,2C l 3F.4D l 
5B),(1C,2C,3F,4 D.SCJ^IC^CSF^D.SDJ^lC^D.SA^A.SAJ^lC^D.SA^A.sej^lC^D.SA^A.SCJ.tlC^D, 3A.4A, 
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SDJ.ClC^D.SA^B.SAJ.ClC.SD.SA^B.SBJ^IC.aD.aA^B.SCJ^IC^D.aA^B.SDJ.tl C,2D,3A,4C,5A),(1C,2D,3A,4C ( 
SBJ^IC^D.aA^CSCJ.ClC^D.SA^CSDJ^lCaD.SA^D.S AMIC^D.SA^D.SBJ.OC^D.SA^D.SCMIC^D.SA^D, 
5D),(1C,2D,3B,4A,5A),(1C,2D,3B, 4A,5B) l (lC,2D ( 3B,4A ( 5C),(1C,2D ( 3B,4A t 5D) t (1C l 2D,3B > 4B t 5A),(1C l 2D > 3B > 4B, 
5B),(1C,2 D.SB^B.SCJ^IC^D.SB^B.SDJ^IC^D.SB^C.SA^flC^D.SB^C.SBJ.ClC^D.SB^CSC)^ 10,20,36,40, 

5 SDJ^IC^D.SB^D.SAJ^IC^D.SB^D.SBJ^IC^D.SB^D.SCJ.tlC^D.SB^D, 5D),(1C,2D,3C,4A,5A),(1C,2D,3C,4A, 
5B),(1C,2D,3C,4A,5C),(1C,2D,3C,4A,5D),(1C,2D,3 C,4B,5A),(1C,2D,3C t 4B,5B) t (1 C^D.SC^B.SCJ.CIC^D.SC^B, 
SDJ.OC^D.SC^C.SAJ.OC 2D t 3C,4C,5B),(1C,2D,3C,4C,5C),(1C,2D l 3C,4C,5D),(lC,2D,3C t 4D,5A),(lC,2D,3C,4D, 
SBJ.CIC^D.SC^D.SCJ^IC^D.SC^D.SDJ.tlC^D.SD^A.SAJ^IC^D.SD^A.SBJ.JIC^D.SD, 4A,5C),(1C,2D,3D,4A, 
5D),(1C,2D,3D,4B,5A),(1C,2D,3D,4B,5B),(1C,2D,3D,4B,5C),(1C,2 D,3D,4B,5D),(lC,2D,3D,4C,5A),(lC,2D,3D t 4C, 

w SBJ.OC^D.SD^C.SCJ.OC^D.SD^C.SD), (IC^D.SD^D.SAJ.CIC^D.SD^D.SB), (10,20,30,40,50), (1C,2D,3D,4D, 
5D) I (1C,2D,3E,4 A.SAJ^IC^D.SE^A.SBJ.tlC^D.SE^A.SCJ.ClC^D.SE^A.SDJ^IC^D.SE^B.SAJ.OC^D, 3E.4B, 
SBJ^IC^D.SE^B.SCJ.ClC^D.SE^B.SDJ.flC^D.SE^CSAJ^IC^D.SE^CSBJ^I C,2D,3E,4C,5C),(1C,2D,3E,4C, 
5D),(1C,2D,3E,4D,5A),(1C,2D,3E,4D,5B),(1C,2D,3E,4D, 5C),(lC,2D,3E,4D,5D),(lC,2D f 3F,4A,5A),(lC,2D,3F,4A, 
5B),(1C,2D,3F,4A,5C),(1C,2D,3F, 4A,5D),(1C > 2D,3F,4B,5A),(1C,2D,3F,4B,5B),(1C,2D,3F,4B,5C),(1 C,2D,3F,4B,5D), 

15 (1C.2D, SF^C.SAJ^lC^D.SF^CSBJ^lC^D.SF^CSCJ.tlC^D.SF^CSDJ^lC^D.SF^D.SAJ^IC, 2D,3F.4D,5B), 
(IC^D.SF^D.SCJ.CIC^D.SF^D.SDJ.tlC^E.SA^A.SAJ.tlC^E.SA^A.SB), (1C f 2E,3A,4A,5C),(lC,2E t 3A,4A,5D), 
(1C,2E,3A,4B,5A),(lC,2E,3A,4B,5B) t (lC,2E t 3A,4B,5C),(lC,2E,3A,4B,5D),(lC,2E,3A t 4C,5A),(lC,2E,3A,4C,5B), 
(1C,2E,3A,4C,5C),(1C,2E,3A, 4C,5D),(1C,2E,3A,4D,5A),(1C,2E,3A,4D,5B),(lC,2E,3A,4D,5C),(lC,2E,3A f 4D,5D), 
(1C.2 E.SB^A.SAJ.flC^E.SB^A.SBJ^IC^E.SB^A^CJ.ClC^E.SB^A.SDJ.flC^E.SB^B.SA)^ 1C,2E,3B,4B,5B), 

20 (1C I 2E > 3B f 4B > 5C),(1C i 2E,3B ( 4B,5D) l (1C f 2E i 3B f 4C t 5A) f (1C f 2E,3B,4C f 5B) f (1C l 2E i 3B f 4C i 5C) i (1C l 2E f 3B i 4C f 5D), 

(1C,2E,3B,4D,5A),(1C,2E,3B,4D,5B),(1C,2E,3 B^D.SCJ.flC^E.SB^D.SDJ^lC^E.SC^A.SAJ^IC^E.SC^A.SB), 
(lC,2E,3C,4A f 5C),(lC, 2E t 3C,4A,5D),(lC,2E,3C,4B,5A),(lC,2E,3C t 4B,5B),(lC,2E,3C,4B,5C),(lC,2E,3C,4B,5D), 
(IC^E.SC^CSAJ^IC^E^C^C.SBJ.ClC^E.SC^CSCJ.tlC^E.SC^C.SDJ^IC^E.SC^D, 5A),(1C,2E,3C,4D,5B), 
(IC^E.SC^D.SCJ^lC^E.SC^D.SDJ.CIC^E.SD^A.SAJ.flC^E.S D t 4A,5B),(lC,2E,3D,4A,5C),(lC,2E,3D,4A,5D), 

25 (1C,2E,3D,4B,5A),(1C,2E,3D,4B,5B),(1C, 2E l 3D,4B,5C),(1C,2E,3D,4B,5D),(1C,2E,3D f 4C I 5A),(1C,2E,3D,4C,5B), 
(1C,2E,3D,4C,5C), (1C,2E,3D,4C,5D),(1C,2E,3D,4D,5A),(1C,2E,3D,4D,5B),(1C,2E,3D,4D I 5C),(1C,2E,3D,4 D.5D), 
(1C,2E,3E,4A,5A),(1C,2E,3E f 4A,5B),(1C,2E,3E,4A,5C), (1C,2E I 3E,4A i 5D) l (1C f 2E i 3E,4B,5A),(1C,2E,3E,4B,5B), 
(1C I 2E,3E,4B I 5C),(1C,2E,3E I 4B,5D),(1C,2E I 3E ) 4C,5A) ( (1C,2E,3E,4C,5B),(1C,2E,3E,4C,5C),(1C,2E,3E,4C,5D), 
(IC^E.SE^D.SAJ.tlC^E.SE^D.SBJ.ClC^E.SE^D.SCJ^IC^E.SE^D.SDJ^IC^E.SF^A.SAJ^IC^E.SF^A.SBJ.CIC, 

30 2E,3F,4A, 5C),(lC,2E,3F,4A,5D),(lC,2E,3F > 4B,5A),(lC,2E,3F,4B I 5B) t (lC,2E,3F,4B,5C) t (1C,2E,3F,4 B,5D),(1C,2E, 
3F,4C,5A),(lC,2E,3F,4C,5B),(1C,2E ( 3F f 4C,5C),(lC,2E,3F t 4C,5D) f (lC,2E,3 F,4D,5A) t (lC,2E,3F,4D,5B),(lC,2E,3F, 
4D,5C),(1C,2E,3F,4D t 5D),(lD,2A,3A,4A,5A),(lD,2 A,3A,4A,5B),(1 D,2A,3A,4A,5C),(1 D,2A,3A,4A,5D),(1D,2A,3A,4B, 
5A),(1 D,2A,3A,4B,5B),(1 D,2A,3A,4B,5C),(1 D,2A,3A,4B,5D),(1 D^A.SA^CSAJ.O D,2A,3A,4C,5B),(1 D,2A,3A,4C, 
5C),(1 D,2A,3A,4C,5D),(1 D,2A,3A,4D,5A),(1 D,2A,3A,4D,5B),(1 D,2A,3A,4D,5C),(1 D.2A.3 A,4D,5D),(1 D,2A,3B,4A, 

35 5A),(1 D,2A,3B,4A f 5B),(1 D,2A,3B,4A,5C),(1 D,2A,3B,4A,5D),(1 D,2A,3B,4B,5A),(1 D,2A,3B,4B,5B),(1 D,2A,3B,4B, 

5C),(1 D,2A,3B,4B,5D),(1 D,2A,3B,4C,5A), (1 D,2A,3B,4C,5B),(1 D t 2A,3B,4C,5C),(1 D,2A,3B,4C f 5D),(1 D,2A,3B,4D, 
5A),(1D,2A,3B,4 D,5B),(1 D,2A,3B,4D,5C),(1 D,2A,3B,4D,5D),(1D,2A,3C,4A,5A),(1D,2A,3C,4A,5B),(1 D.2A, 3C.4A, 
SCJ^ID^.A.SC^A.SDJ.flD^A.SC^B.SAJ^ID^A.SC^B.SBJ^ID^A.SC^B.SCJ^I D,2A,3C,4B,5D),(1 D,2A,3C,4C, 
SAJ^ID^A.SC^C.SBJ^ID^A.SC^C.SCJ^ID^A.SC^CS D),(1 D,2A,3C,4D,5A),(1 D,2A,3C,4D,5B),(1D,2A,3C,4D, 

40 5C),(1 D,2A,3C,4D,5D),(1 D.2A.3 D,4A,5A),(1 D,2A,3D,4A,5B),(1 D,2A,3D,4A,5C),(1 D,2A,3D,4A,5D),(1 D,2A,3D,4B, 
5A),(1 D, 2A,3D,4B,5B),(1 D,2A,3D,4B,5C),(1 D,2A,3D,4B,5D),(1 D,2A,3D,4C,5A), (1 D,2A,3D,4C,5B ),(1 D,2A,3D,4C, 
5C),(1D,2A l 3D t 4C,5D),(lD,2A,3D,4D,5A),(1D,2A,3D,4D,5B),(lD,2A,3D, 4D,5C),(1 D,2A,3D,4D,5D),(1 D,2A,3E,4A, 
5A),(lD l 2A t 3E,4A l 5B),(1D,2A,3E > 4A,5C),(1D,2A,3E t 4A,5D),(1D,2A,3E,4B,5A),(1D,2A,3E,4B,5B),(lD,2A,3E t 4B, 
5C),(1 D,2A,3E,4B,5D),( 1 D,2A,3E,4C,5A),(1 D,2A,3E,4C,5B),(1 D,2A,3E,4C,5C),(1 D,2A,3E,4C,5D), (1 D,2A,3E,4D, 

45 5A),(1 D^A.SE^D.SB),^ D,2A,3E,4D,5C),(1 D,2A,3E,4D,5D),(1 D,2A,3F,4A,5A),(1 D.2A.3F, 4A,5B),(1 D,2A,3F,4A,5C), 
(1D,2A > 3F,4A,5D),(1D,2A,3F,4B,5A),(1D,2A,3F,4B I 5B),(1D,2A, 3F,4B,5C),(1 D,2A,3F,4B,5D),(1 D,2A,3F,4C,5A),(1 D, 
2A,3F,4C,5B),(1D,2A,3F,4C,5C),(1D, 2A,3F,4C,5D),(1D,2A,3F,4D,5A),(1 D,2A,3F,4D,5B),(1 D,2A,3F,4D,5C),(1 D,2A, 
3F.4D.5D), (1 D,2B,3A,4A,5A),(1 D,2B,3A,4A,5B),(1 D,2B,3A,4A,5C),(1 D,2B,3A,4A,5D),(1 D.2B.3A, 4B,5A),(1 D.2B.3A, 
4B,5B) l (1D,2B,3A,4B t 5C),(1D,2B,3A,4B,5D) t (1D,2B,3A,4C,^^^ 

50 5D),(1 D,2B,3A,4D,5A),(1 D,2B,3A,4D,5B),(1 D,2B,3A,4D,5C),(1 D,2B,3A,4D,5D),(1 D,2B,3B,4A,5A),(1 D,2B,3B,4A, 
5B),(1 D,2B,3B,4A,5C),(1 D,2B,3B,4A,5D),(1 D,2B,3B,4B,5A),(1 D,2B,3B,4B,5B),(1 D,2B,3B,4B,5C),(1 D,2B,3B,4B, 
5D),(1 D,2B,3B f 4C,5A),(1 D,2B,3B,4C,5B), (1 D,2B,3B,4C,5C),(1 D,2B,3B,4C,5D),(1 D,2B,3B,4D,5A),(1 D,2B,3B,4D, 
5B),(1 D,2B,3B,4D,5C),(1 D,2B,3B,4D,5D),(1 D,2B,3C,4A,5A),(1 D,2B,3C,4A,5B),(1 D,2B,3C,4A,5C),(1 D,2B,3C,4A, 
SDJ.tlD^B.SC^B.SAJ.tlD^B.SC^B.SBJ^ID^B.SC^B.SCJ^ID^B.SC^B.SDJ^ID^B.SC^CSAJ^ID^B.SC^C, 

55 5B),(1 D, 2B,3C,4C,5C),(1 D,2B,3C,4C,5D),(1 D,2B,3C,4D,5A),(1 D,2B,3C,4D,5B),(1 D,2B,3C,4D,5C ),(1 D,2B,3C,4D, 
5D),(1 D,2B,3D,4A,5A),(1 D,2B,3D,4A,5B),(1 D,2B,3D t 4A,5c),(1 D,2B,3D,4A,5D),(1 D,2B,3D,4B,5A),(1 D,2B,3D,4B, 
5B),(1 D,2B,3D,4B,5C),(1 D,2B,3D,4B,5D),(1 D,2B,3D,4C,5A),(1 D,2B,3D,4C,5B),(1 D,2B,3D,4C,50),(1 D,2B,5D,4C, 
5D),(1 D,2B,3D,4D,5A), (1 D,2B,3D,4D,5B),(1 D,2B,3D,4D,5C),(1 D,2B,3D,4D,5D),(1 D,2B,3E,4A,5A),(1 D.2B.3E.4 A, 
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5B),(1 D,2B,3E,4A,5C),(1 D,2B,3E,4A,5D),(1 D^B.aE^B.SAJ.O D,2B,3E,4B,5B),(1 D t 2B,3E,4B,5C),(1 D,2B,3E,4B, 
5D),(1 D,2B,3E,4C,5A),(1 D.2B I 3E,4C,5B),(1 D,2B,3E,4C,5C),(1 D,2B,3E,4C,5D),(1 D,2B,3E,4D,5A),(1 D,2B,3E,4D, 
5B),(1D,2B,3E,4D,5C),(1D,2B,3E,4D, 5D), ( 1D, 2B, 3F, 4A, 5A), (1D, 2B, 3F, 4A, 5B), (1D, 2B, 3F, 4A, 5 C), (1D, 2B, 
3F, 4A, 5D), (1 D, 2B, 3F, 4B,5A),(1 D,28,3F,4B,5B),(1 D,2B,3F,46 t 5C),(1 D,2B,3F,4B,5D),(1 D,2B,3F,4C,5A),(1 D.2B, 3F, 

5 4C,5B),(1 D,2B,3F,4C,5C),(1 D t 2B,3F,4C,5D),(1 D,2B,3F,4D,5A),(1 D,2B,3F,4D,5B),(1 D, 2B,3F,4D,5C),(1 D,2B f 3F f 4D, 
5D),(1 D,2C,3A,4A,5A),(1 D,2C,3A,4A,5B),(1 D,2C,3A,4A,5C), (1 D,2C,3A,4A,5D),(1 D,2C,3A,4B,5A),(1 D,2C,3A,4B, 
6B),(1D,2C,3A,4B,5C),(1D,2C,3A,4B, 5D),(1 D,2C,3A,4C,5A),(1 D,2C,3A,4C,5B),(1D,2C,3A,4C,5C),(1D,2C,3A,4C, 
5D),(1 D.2C.3 A,4D,5A),(1 D,2C,3A,4D,58),(1 D,2C,3A,4D,5C),(1 D,2C,3A,4D,5D),(1 D,2C,36,4A,5A),(1 D, 2C,3B,4A, 
5B),(1 D,2C,3B,4A,5C),(1 D,2C,3B,4A,5D),(1 D,2C,3B,4B,5A),(1 D,2C,3B,46,5B), (1 D,2C,3B,4e,5C),(1 0,20,36,46, 

W 5D),(1 D,2C,36,4C,5A),(1 D,2C,3B,4C,5B),(1 D,2C,3B,4C, 5C),(1 D,2C,3B,4C,5D),(1 D,2C,3B,4D,5A),(1 D,2C t 3B,4D, 
5B),(1D,2C,3B,4D,5C),(1D,2C,3 B,4D,5D),(1 D,2C,3C,4A,5A),(1 D,2C,3C,4A,5B),(1D,2C,3C,4A,5C),(1D,2C,3C,4A, 
5D),(1D, 2C,3C,4B,5A),(lD,2C,3C,4B,5B),(lD,2C,3C,48,5C),(1D,2C,3C,46,5D) t (1D,2C,3C > 4C,5A) l (1D,2C,3C,4C, 
5B),(1 D,2C,3C,4C,5C),(1 D,2C,3C,4C,5D),(1 D,2C,3C f 4D,5A),(1 D,2C,3C,4 D,5B),(1 D,2C,3C,4D,5C),(1 D,2C,3C,4D, 
5D),(1 D,2C,3D,4A,5A),(1 D,2C,3D,4A,5B),(1 D,2C, 3D,4A,5C),(1 D,2C,3D,4A,5D),(1 D,2C,3D,4B,5A),(1 D,2C,3D,4B, 

15 5B),(1 D,2C,3D,4B,5C),(1 D^C.SD^B.SDJ.O D,2C,3D,4C,5A),(1 D,2C,3D,4C,5B),(1 D,2C,3D,4C,5C),(1 D,2C,3D,4C, 
5D),(1 D,2C,3D,4D,5A),(1 D,2C,3D,4D,5B),(1 D,2C,3D,4D,5C),(1 D,2C,3D,4D,5D),(1 D,2C, 3E,4A,5A),(1 D,2C,3E,4A, 
56),(1 D,2C,3E,4A,5C),(1 D,2C,3E,4A,5D),(1 D,2C,3E,4e,5A)(1 D,2C,3E,46,5B),(1 D,2C,3E,46,5C))(1 D,2C,3E,4B, 
5D),(1 D,2C,3E,4C,5A),(1 D,2C,3E,4C,5 B),(1 D,2C,3E,4C,5C),(1 D,2C,3E,4C,5D),(1 D,2C,3E,4D,5A),(1 D,2C,3E,4D, 
56),(1 D.2C.3E, 4D,5C),(1 D,2C,3E,4D t 5D),(1 D,2C,3F,4A,5A),(1 D,2C,3F,4A,58),(1 D,2C,3F,4A,5C),(1 D.2C, 3F.4A, 

20 5D),(1 D,2C,3F,4e,5A),(1 D,2C,3F,4e,56),(1 D,2C,3F,4B,5C),(1 D,2C,3F,4B,5D),(1 D, 2C,3F,4C,5A),(1 D,2C,3F,4C,56), 
(1 D,2C,3F,4C,5C),(1 D,2C,3F f 4C,5D),(1 D,2C,3F,4D,5A),(1 D,2C,3F,4D,5B),(1 D,2C,3F,4D,5C),(1 D,2C,3F,4D,5D),(1 D, 
2D,3A,4A,5A),(1 D,2D,3A,4A,5B),(1 D,2D,3A,4A,5C),(1 D,2D,3A,4A,5D),(1 D,2D,3A,4B,5A),(1 D,2D,3A,4B,56),(1 D, 
2D.3 A,46,5C),(1 D,2D,3A,4B,5D),(1 D,2D,3A,4C,5A),(1 D,2D,3A,4C,5B),(1 D,2D,3A,4C,5C),(1 D, 2D,3A,4C,5D),(1 D, 
2D,3A,4D,5A),(1 D,2D,3A,4D,5B),(1 D,2D,3A,4D,5C),(1 D,2D,3A,4D,5 D),(1 D,2D f 3B,4A,5A),(1 D,2D,3B,4A,5B),(1 D, 

25 2D,3B,4A,5C),(1 D,2D,3B,4A,5D),(1 D,2D,3 B,4B,5A),(1 D,2D,3B,46,56),(1 D,2D,36,46,5C),(1 D,2D,3B,4B,5D),(1 D, 
2D,38,4C,5A),{1 D, 2D,3B,4C,5B),(1 D,2D,3B,4C,5C) t (1 D,2D,3B,4C,5D),(1 D,2D,3B,4D,5A),(1 D,2D,3B,4D,5B ),(1 D, 
2D,3B,4D,5C),(1 D,2D,3B)4D,5D),(1 D,2D,3C,4A,5A),(1 D,2D,3C,4A,56),(1 D.2D.3C, 4A,5C),(1 D,2D,3C,4A,5D),(1 D, 
2D,3C,4B,5A),(1 D,2D,3C,4B,5B),(1 D,2D,3C,4B,5C),(1 D,2 D,3C,4B,5D),(1 D,2D,3C,4C,5A),(1 D,2D,3C,4C,5e),(1 D, 
2D,3C,4C,5C),(1D,2D,3C,4C,5D), (1 D,2D,3C,4D,5A),(1 D,2D,3C,4D,5B),(1 D,2D,3C,4D,5C),(1 D,2D,3C,4D,5D),(1 D, 

30 2D.3D.4 A,5A),(1 D,2D,3D,4A,5B),(1 D^D.SD^A.SCJ.O D,2D,3D,4A,5D),(1 D,2D,3D,4B,5A),(1 D,2 D,3D,4B,5B),(1 D, 
2D,3D,4B,5C),(1 D,2D,3D,4B,5D),(1 D,2D,3D,4C,5A),(1 D,2D,3D,4C,5B), (1 D,2D,3D,4C,5C),(1 D,2D,3D,4C,5D),(1 D, 
2D,3D,4D,5A),(1 D^D.SD^D.SBJ^I D,2D,3D,4 D,5C),(1 D,2D,3D,4D,5D),(1 D,2D,3E,4A,5A),(1 D,2D,3E,4A,5B),(1 D, 
2D,3E,4A,5C),(1 D,2 D,3E,4A,5D),(1 D,2D,3E,4B,5A),(1 D,2D,3E,4B,5B),(1 D,2D,3E,4B,5C),(1 D,2D,3E,4B,5D), (1 D, 
2D,3E,4C,5A),(1 D f 2D,3E,4C,5B),(1 D,2D,3E,4C,5C),(1 D,2D,3E,4C,5D),(1 D,2D,3E,4 D,5A),(1 D,2D f 3E)4D,56),(1 D, 

35 2D,3E,4D,5C),(1 D,2D,3E,4D,5D),(1 D,2D,3F,4A,5A),(1 D,2 D,3F,4A,5B),(1 0,20,3^,50), (1 D,2D,3F,4A,5D),(1 D,2D, 
3F,4B,5A),(1 D,2D,3F,4B,5B),(1 D,2D,3F,4B,5C),(1 D,2D,3F,4B,5D),(1 D,2D,3F,4C,5A),(1 D^D.SF^C.SBJ.O D,2D,3F, 
4C,5 C),(1 D,2D,3F,4C,5D),(1 D,2D,3F,4D,5A),(1 D,2D,3F,4D,5B),(1 D,2D,3F,4D,5C),(1 D,2D,3F, 4D,5D),(1 D,2E,3A,4A, 
5A),(1 D,2E,3A,4A,5B),(1 D,2E,3A,4A,5C),(1 D,2E,3A,4A,5D),(1 D,2E,3A,48,5A),(1 D,2E,3A,4e,5e),(1 D,2E,3A,46, 
5C),(1 D,2E,3A,46,5D),(1 D,2E,3A,4C,5A),(1 D,2E,3A,4C,5B),(1 D,2E,3A,4C,5C),(1 D,2E,3A,4C,5D),(1 D,2E,3A,4D, 

40 5A),(1 D,2E,3A,4D,5B),(1 D,2E,3A,4D,5C),(1 D,2E,3A,4D,5D),(1 D,2E,36,4A,5A),(1 D,2E,36,4A,56),(1 D.2E.3 6, 4A, 
5C), (1D, 2E, 36, 4A, 5D), (1D, 2E, 3B, 4B, 5A), (1D, 2E, 3B, 4B, 5B), (1D, 2E, 3B, 4B, 5C), (1D, 2E,3B,46,5D),(1 D, 
2E,38,4C,5A),(1 D,2E,3B,4C,5B),(1 D,2E,3B,4C,5C),(1 D,2E,3B,4C,5D), (1 D,2E,3B,4D,5A),(1 D,2E,3B,4D,5B),(1 D, 
2E,3B,4D,SC),(1D,2E,3B,4D,5D),(1D,2E,3C,4 A,5A),(1D,2E,3C,4A,5B),(1 D^E.SC^A.SCJ.CI D,2E,3C,4A,5D),(1 D, 
2E,3C,4B,5A),(1 D.2E, 3C,4B,58),(1 D,2E,3C,48,5C),(1 D,2E,3C,4B,5D),(1 D,2E,3C,4C,5A),(1 D,2E,3C,4C,5B),(1 D, 

45 2E,3C,4C,5C),(1 D,2E,3C,4C,5D),(1 D,2E,3C,4D,5A),(1 D,2E,3C,4D,5B),(1 D,2E,3C,4D, 5C),(1 D.2E,3C,4D,5D),(1 D, 
2E,3D,4A,5A),(1 D,2E,3D,4A,5B),(1 D,2E,3D,4A,5C),(1 D,2E,3D,4A,5D),(1 D,2E,3D,4B,5A),(1 D,2E,3D,4B,5B),(1 D, 
2E,3D,4B,5C),(1 D,2E,3D,4B,5D),(1 D,2E,3D,4C,5A),(1 D,2E,3D,4C,56),(1 D,2E,3D,4C,5C),(1 D,2E,3D,4C,5D),(1 D, 
2E,3D,4D, 5A),(1 D,2E,3D,4D,5B),(1 D,2E,3D,4D,5C),(1 D,2E,3D,4D,5D),(1 D,2E,3E,4A,5A),(1 D,2E,3 E,4A,5B),(1 D, 
2E,3E,4A,5C),(1 D,2E,3E,4A,5D),(1 D,2E,3E,4B,5A),(1 D,2E,3E,4B,5B),(1 D, 2E,3E,46,5C),(1 D,2E,3E,4B,5D),(1 D,2E, 

50 3E,4C,5A),(1 D,2E,3E,4C,5B),(1 D,2E,3E,4C,5C),(1 D,2E,3E,4C,5D),(1 D,2E,3E,4D,5A),(1 D,2E,3E,4D,5B),(1 D.2E, 

3E,4D,5C),(1 D,2E,3E,4 D,5D),(1 D,2E,3F,4A,5A),(1 D,2E,3F,4A,5B),(1 D,2E,3F,4A,5C),(1 D,2E,3F,4A,5D),(1 D,2E,3 F, 
4B,5A),(1 D,2E,3F,4B,5B),(1 D,2E,3F,4B,5C),(1 D,2E,3F,4B,5D),(1 D,2E,3F,4C,5A),(1 D,2 E,3F,4C,5B),(1 D,2E,3F,4C, 
5C),(1 D,2E,3F,4C,5D),(1 D,2E,3F,4D,5A),(1 D,2E,3F,4D,5B),(1 D,2E,3F,4D,5C),(1 D t 2E,3F,4D,5D),(1 E,2A,3A,4A,5A), 
(1 E,2A,3A,4A,5B),(1 E,2A,3A,4A t 5 C),(1 E,2A,3A,4A,5D),(1 E,2A,3A,4B,5A),(1 E,2A,3A,46,5B),(1 E,2A,3A,4B,5C),(1 E, 

55 2A.3A, 4B,5D),(1 E,2A,3A,4C,5A),(1 E,2A,3A,4C,5B),(1 E,2A,3A,4C,5C),(1 E,2A,3A,4C,5D),(1 E,2 A,3A,4D,5A),(1 E, 
2A,3A,4D,5B),(1 E,2A,3A,4D,5C),(1 E,2A,3A,4D,5D),(1 E,2A,3B,4A,5A),( 1 E,2A,3B,4A,5B),(1 E,2A,3B,4A,5C),(1 E,2A, 
36,4A,5D),(1 E,2,A,3B,4B,5A),(1 E,2A,36,4B, 5B),(1 E,2A,3B,4B,5C),(1 E,2A,3B,4B,5D),(1 E,2A,3B,4C,5A),(1 E,2A,36, 
4C,5B),(1E,2A,3B, 4C,5C),(1E,2A,3B,4C,5D),(1E,2A,3B,4D,5A),(1 E,2A,3B,4D,5B),(1 E,2A,3B,4D,5C),(1 E,2 A.3B, 
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4D,5D),(1 E,2A,3C,4A,5A),(1 E,2A,3C,4A,5B),(1 E,2A,3C,4A,5C),(1 E,2A,3C f 4A f 5D),( 1 E,2A,3C,4B,5A),(1 E,2A,3C,4B, 
SBJ^IE^A.aC^B.SCJ^IE^A.aC^B.SDJ^IE^A.SC^CSAJ.flE.aA.aC^C.SBJ.ClE^A.SC^CSCJ.tlE^A.aC^C, 
5D),(1 E,2A,3C,4D,6A),(1 £.2^30,40,56), (1 E l 2A i 3C l 4D t 5C),(1 E,2A f 3C,4D,5D) t (1 E,2A,3D,4A,5A),(1 E,2A,3D,4A, 
5B),(1 E, 2A,3D,4A,5C),(1 E,2A,3D,4A,5D),(1 E,2A,3D,4B,5A),(1 E,2A,3D,4B,5B),(1 E,2A,3D,4B,5C), (1 E^A.SD^B, 

5 5D),(1 E,2A,3D,4C,5A),(1 E,2A,3D,4C,5B),(1 E,2A,3D,4C f 5C) ( (1 E,2A,3D,4C,5D) t (1 E,2A,3D,4D,5A),(1 E,2A,3D,4D, 
SBJ.flE^A.SD^D.SCJ^IE^A.SD^D.SDJ.tlE^A.SE^A.SAJ.flE^A.SE^A.SBJ^IE^A^E^A^CJ^IE^.SE^ 
SDJXIE^A.SE^B.SAJ^IE^A.SE^B.SBJ.flE^.SE^B.SCJ^IE^A.SE^B.SDJ^IE^A.SE^C.SA)^^^^^^), 
(1 E,2A,3E,4C,5C),(1 E,2A,3E,4C,5D),(1 E,2A,3E,4D,5A),(1 E,2A f 3E t 4D,5B),(1 E,2A,3E,4D,5C),(1 E,2A,3E,4D,5D), 
(1 E,2A,3F,4A,5A),(1 E,2A,3F,4A f 5B),(1 E,2A,3F,4A,5C),(1 E,2A t 3F,4A,5D),(1 E,2A,3F,4B,5A),(1 E,2A,3F,4B,5B),(1 E, 

10 2A,3F,4B,5C),(1 E,2A,3F,4B,5D),(1 E,2A, 3F,4C,5A),(1 E,2A,3F,4C,5B),(1 E,2A,3F,4C,5C),(1 E,2A,3F,4C,5D),(1 E.2A, 
3F,4D,5A),(1E, 2A,3F,4D,5B),(1 E,2A,3F,4D,5C),(1 E,2A,3F,4D,5D),(1 E,2B,3A,4A,5A),(1 E,2B,3A,4A,5B),( 1 E.2B.3A, 
4A,5C),(1 E,2B,3A,4A,5D),(1 E,2B,3A,4B,5A),(1 E,2B,3A,4B,5B),(1 E,2B,3A,4B, 5C),(1 E,2B,3A,4B,5D),(1 E,2B,3A,4C, 
5A),(1 £,28^,40,58), (1 E,2B,3A,4C,5C),(1 E,2B,3A,4C,5D),(1 E,2B,3A,4D,5A),(1 E^B.SA^D.SB)^! E,2B,3A,4D, 
5C),(1 E,2B,3A,4D,5D),(1 E,2B,3B,4A,5A) t (1 E,2B,3B,4A t 5B),(1 E,2B,3B,4A,5C),(1 E,2B,3B,4A,5D),(1 E,2B,3B,4B, 

15 5A),(1 E t 2B,3B,4B f 5B),(1 E,2B,3B,4B,5C),(1 E,2B,3B,4B,5D),(1 E,2B,3B,4C,5A),(1 E,2B,3B,4C,5B),(1 £,28,38,40,50), 
(1 E,2B,3B,4C,5D),(1 E,2B,3B,4D,5A),(1 E,2B,3B,4D,5B),(1 E,2B,3B,4D,5C),(1 E,2B,3B,4D,5D),(1 E,2B,3C,4A,5A) f 
(1 E,2B,3C,4A,5B),(1 E,2B,3C,4A,5C),(1 E,2B,3C,4A,5D),(1 E,2B,3C,4B t 5A),(1 E,2B,3C,4B,5B),(1 E,2B,3C,4B,5C), 
(1 £,28,30,48,50), (1 E,2B,3C,4C,5A),(1 E,2B,3C,4C,5B),<1 E,2B,3C,4C,5C),(1 E,2B,3C,4C,5D),(1 E,2B,3C,4D, 5A), 
(1 E,2B,3C,4D,5B),(1 E,2B,3C,4D,5C),(1 E,2B,3C,4D,5D),(1 E^B^D^A.SAJ.O E,2B,3D,4A,5B),(1 E,2B,3D,4A,5C), 

20 (1 E,2B,3D,4A,5D),(1 E,2B,3D,4B,5A) f (1 E,2B,3D,4B,5B),(1 E,2B,3D,4B,5C),(1 E,2B,3D,4B,5D),(1 E,2B,3D,4C,5A), 
(1 E,2B,3D f 4C,5B),(1 E,2B,3D,4C,5C),(1 E,2B,3D,4C,5D),(1 E,2B,3D,4D,5A),(1 E,2B,3D,4D,5B),(1 E,2B,3D,4D,5C), 
(1 E,2B,3D,4D,5D),(1 E,2B,3E,4A,5A),(1 E,2B,3E,4A,5B),(1 E,2B,3E,4A,5C),(1 E,2B,3E,4A,5D),(1 E,2B,3E,4B,5A),(1 E, 
2B,3E,4B,5B),(1 E,2B,3E,4B,5C),(1 E,2B,3E,4B,5D),(1 E,2B,3E,4C,5A),(1 E,2B,3E,4C,5B),(1 E,2B,3E,4C,5C),(1 E.2B, 
3E,4C,5D),(1 E,2B,3E,4D,5A),(1 E,2B,3E,4D,5B), (1 E,2B,3E,4D,5C),(1 E,2B,3E,4D,5D),(1 E,2B,3F,4A,5A),(1 E,2B,3F, 

25 4A,5B),(1 E,2B,3F,4A,5C),(1 E,2B,3F,4A,5D),(1 E,2B,3F,4B,5A),(1 E,2B,3F,4B,5B),(1 E,2B,3F,4B,5C),(1 E,2B,3F,4 B, 
SDJ^IE^B.SF^CSAJ.CIE^B.SF^CSBJ.flE^B.SF^C.SCJ.ClE^B.SF^CSDJ^IE^B.S F,4D,5A),(1 E,2B,3F,4D,5B), 
(1 E,2B,3F,4D,5C),(1 E,2B,3F,4D,5D),(1 E,2C,3A,4A,5A),(1 E,2 C,3A,4A,5B),(1 E,2C,3A,4A,5C),(1 E t 2C,3A,4A,5D),(1 E, 
2C,3A,4B,5A),(1 E,2C,3A,4B,5B),(1 E^CSA^B.SC)^! E,2C,3A,4B,5D),(1 E f 2C,3A,4C,5A),(1 E,2C f 3A,4C,5B),(1 E,2C, 
3A,4C, 5C),(1 E,2C,3A,4C,5D),(1 E,2C,3A,4D,5A),(1 E,2C,3A,4D,5B),(1 E,2C,3A,4D,5C),(1 E.20,3 A,4D,5D),(1 E,2C, 

30 3B,4A,5A),(1 E,2C,3B,4A,5B),(1 E,2C,3B t 4A,5C),(1 E,2C,3B,4A,5D),(1 E, 2C,3B,4B,5A),(1 E,2C,3B,4B,5B),(1 E,2C,3B, 
4B,5C),(1 E,2C,3B,4B,5D),(1 E,2C,3B,4C,5A),(1 E,2C,3B,4C,5B),(1 E,2C,3B,4C,5C),(1 E,2C,3B,4C,5D),(1 E,2C,3B, 
4D,5A),(1 E,2C,3B,4D, 5B),(1 E,2C,3B,4D,5C),(1 E,2C,3B,4D,5D),( 1 E,2C,3C,4A,5A),(1 E,2C,3C,4A,5B),(1 E,2C,3 C, 
4A,5C),(1E,2C,3C 1 4A,5D),(1E,2C,3C,4B,5A),(1E,2C,3C,4B,5B),(1E I 2C,3C,4B,5C),(1E,2C,3C,4B,5D),(1E,2C > 3C, 
4C,5A),(1 E,2C,3C,4C,5B),(1 E,2C,3C,4C,5C),(1 E,2C,3C,4C,5D), (1 E,2C,3C,4D,5A),(1 E,2C,3C,4D,5B),(1 E,2C,3C, 

35 4D,5C),(1 E,2C,3C,4D,5D),(1 E,2C,3D,4A,5A),(1 E,2C,3D,4A,5B),(1 E,2C,3D,4A,5C),(1 E,2C,3D,4A,5D),(1 E.2C.3D, 

4B,5A),(1 E,2C,3 D,4B,5B),(1 E,2C,3D,4B,5C),(1 E,2C,3D,4B,5D),(1 E,2C,3D,4C,5A) t (1 E,2C,3D,4C,5B),(1 E, 2C,3D, 
4C,5C),(1 E,2C,3D,4C,5D),(1 E,2C,3D,4D,5A),(1 E,2C,3D,4D,5B),(1 E,2C,3D,4D,5C ),(1 E,2C,3D,4D,5D),(1 E,2C,3E, 
4A,5A),(1 E,2C,3E,4A,5B),(1 E,2C,3E,4A,5C),(1 E,2C,3E,4 A,5D),(1 E,2C,3E,4B,5A),(1 E^CSE^B.SBJ.O E,2C,3E,4B, 
5C),(1 E,2C,3E,4B, 5D), (1 E.2C, 3E,4C,5A),(1 E,2C,3E,4C,5B),(1 E,2C,3E,4C,5C),(1 E,2C,3E,4C,5D),(1 E t 2C,3E,4D, 

40 5A),(1 E^CSE^D.SBJ^IE^CSE^D.SCJ.CIE^CSE^D.SDJ^IE^C.SF^A.SAJ^IE^C.SF^A.S B), (1E,2C,3F, 4A, 5 
C), (1 E,2 C, 3F, 4A, 5D), (1 E,2C,3F, 4B, 5A), (1 E,2C,3F, 4B, 5B), (1 E,2C,3F,4 B,5C),(1 E,2C,3F,4B t 5D),(1 E,2C,3F,4C, 
5A),(1 E,2C,3F,4C t 5B),(1 E,2C,3F,4C,5C),(1 E,2C,3 F,4C,5D),(1 E,2C,3F,4D,5A),(1 E f 2C,3F,4D,5B) t (1 E,2C,3F,4D,5C), 
(1 E,2C,3F,4D,5D),(1 E,2D,3A,4A,5A),(1 E,2D,3A,4A,5B),(1 E,2D,3A,4A,5C),(1 E,2D,3A,4A,5D),(1 E,2D,3A,4B,5A)( 1 E, 
2D,3A,4B,5B),(1 E f 2D,3A,4B,5C),(1 E,2D,3A,4B f 5D),(1 E,2D,3A,4C,5A),(1 E,2D,3A,4C,5B),(1 E,2D,3A,4C,5C),(1 E.2D, 

45 3A t 4C,5D),(1E t 2D,3A,4D,5A),(1E,2D,3A,4D,5B),(lE ) 2D,3A,4D,5C),(1E,2D,3A t 4D,5D),(1E,2D,3B,4A,5A) f (lE,2D, 

3B,4A,5B),(1 E,2D,3B,4A,5C),(1 E, 2D,3B,4A,5D),(1 E,2D,3B,4B,5A),(1 E,2D,3B,4B,5B),(1 E,2D,3B,4B,5C),(1 E.2D.3B, 
4B.5D), (1 E,2D,3B,4C,5A),(1 E,2D,3B,4C,5B),(1 E,2D,3B,4C,5C),(1 E,2D),3B,4C,5D),(1 E,2D,3B,4D, 5A),(1 E,2D,3B, 
4D,5B) I (1E,2D,3B,4D,5C),(1E,2D,3B,4D,5D),(1E,2D,3C,4A,5A),(1E,2D,3C,4A,5B) I (1E,2D,3C,4A,5C),(1E,2D,3C, 
4A,5D),(1 E,2D,3C,4B,5A),(1 E,2D,3C,4B,5B),(1 E,2D,3C,4B,5C),(1 E^D.SC^B.SDJ.O E,2D,3C,4C,5A),(1 E.2D.3C, 

50 4C,5B),(1 E,2D,3C,4C,5C), (1 E f 2D,3C,4C,5D) f (1 E,2D,3C,4D,5A),(1 E,2D,3C,4D,5B) t (1 E,2D,3C,4D,5C),(1 E,2D,3C,4 
D,5D),(1 E,2D,3D f 4A,5A),(1 E,2D,3D,4A,5B),(1 E,2D,3D,4A,5C),(1 E,2D,3D,4A,5D),(1 E,2 D,3D,4B,5A),(1 E,2D,3D,4B f 
5B),(1 E,2D,3D,4B f 5C),(1 E,2D,3D,4B,5D),(1 E,2D,3D,4C,5A), (1 E,2D,3D,4C,5B),(1 E,2D,3D,4C,5C) f (1 E,2D,3D,4C, 
5D),(1 E,2D,3D,4D,5A),(1 E,2D,3D,4D,5B),(1 E,2D,3D,4D,5C),(1 E,2D,3D,4D,5D),(1 E,2D,3E,4A,5A),(1 E,2D,3E,4A, 
5B),(1 E,2D,3E,4A,5C),(1 E t 2D,3E,4A,5D), (1 E,2D,3E,4B,5A),(1 E,2D,3E,4B,5B),(1 E,2D,3E,4B,5C),(1 E,2D,3E,4B, 

55 5D),(1 E,2D,3E,4C,5A),(1 E,2D,3E,4C,5B) t (1 E,2D,3E,4C,5C),(1 E,2D,3E,4C,5D),(1 E,2D,3E,4D,5A),(1 E,2D,3E,4D, 

5B),(1 E,2D,3E,4D,5C),(1 E,2D,3E,4D,5D),(1 E,2D,3F, 4A,5A),(1 E,2D,3F,4A,5B),(1 E,2D,3F,4A,5C),(1 E,2D,3F,4A,5D), 
(1 E,2D,3F,4B,5A),(1 E,2D, 3F,4B,5B),(1 E,2D,3F,4B,5C),(1 E,2D,3F,4B,5D),(1 E,2D,3F,4C,5A),(1 E ( 2D,3F,4C,5B) f (1 E, 
2D,3F,4C,5C) l (lE t 2D,3F,4C,5D) t (lE f 2D,3F t 4D,5A),(lE,2D J 3F,4D,5B) f (1E,2D,3F,4D,5C),( 1E,2D,3F,4D,5D),(1 E.2E, 
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3A,4A,5A),(1 E,2E,3A,4A,5B),(1 E,2E,3A,4A,5C),(1 E,2E,3A,4A,5D),(1 E,2E,3A,4B,5A),(1 E,2E,3A,4B,5B),(1 E.2E.3A, 
4B,5C),(1E,2E > 3A,4B,5D),(1E,2E,3 A,4C f 5A),(1E,2E f 3A,4C,5B) t (1E,2E,3A t 4C,5C),(1 E,2E,3A,4C,5D),(1 E.2E.3A.4D, 
SAJ.flE^E.SA^D.SBJ.ClE^E.SA^D.SCJ^IE^E.SA^D.SDJ^IE^E.SB^A.SAJ^IE^E.SB^A.SBJ^IE^E.SB^A.SC), 
(lE^E.SB^A.SDJ.flE^E.SB^B.SAJ.ClE^E.SB^B.SBJ.tlE^E.SB^B.SCJ.ClE^E.SB^B.SDJ.ClE^E.SB^C, 5A),(1E, 

5 2E,3B,4C,5B),(1 E,2E,3B,4C,5C),(1 E.2E.3B, 4C,5D),(1 E,2E,3B,4D,5A),(1 E,2E,3B,4D,5B),(1 E,2E,3B,4D,5C),(1 E.2E, 
3B,4D,5D),(1E,2E ( 3C I 4A > 5A) > (1E,2E,3C,4A,5B) > (1E,2E,3C,4A,5C) I (1E,2E I 3C,4A I 5D),(1E,2E,3C,4B > 5A) I ( 1E.2E.3C, 
4B,5B),(1 E,2E,3C f 4B,5C),(1 E,2E,3C,4B,5D),(1 E,2E,3C,4C,5A),(1 E,2E,3C,4C,5B),(1 E t 2E,3C,4C,5C),(1 E,2E,3C,4C, 
5D),(1 E,2E,3C,4D,5A),(1 E,2E,3C,4D,5B),(1 E,2E,3C,4D,5C),(1 E,2E,3C,4D,5D),(1 E,2E,3D,4A,5A),(1 E,2E,3D,4A, 
5B),(1 E,2E,3D,4A,5C) f (1 E,2E,3D,4A,5D),(1 E,2E,3D,4B,5A),(1 E,2E,3D,4B,5B),(1 E,2E,3D,4B,5C),(1 E,2E,3D,4B, 

10 50), (1 E,2E I 3D,4C,5A) I (1 E^E^D^CSBMI E,2E,3D,4C f 5C),(1 E,2E,3D,4C,5D),(1 E,2E,3D,4D, 5A),(1 E,2E,3D,4D, 
5B),(1 E,2E,3D t 4D,5C) f (1 E,2E,3D,4D,5D),(1 E^E^E^A.SAJ.O E t 2E,3E,4A,5B),(1 E,2E,3E,4A,5C),(1 E f 2E,3E,4A, 
5D),(1 E,2E,3E,4B,5A),(1 E^E.SE^B.SBJ.O E,2E,3E,4B,5C),(1 E,2E,3E,4B,5D),(1 E,2E f 3E,4C f 5A),(1 E,2E,3E,4C,5B), 
(1E f 2E,3E f 4C,5C),(1 E,2E,3E,4C,5D),(1 E,2E,3E,4D,5A),(1 E,2E,3E,4D,5B),(1 E,2E,3E,4D,5C),(1 E,2E,3E,4D,5D), 
(1 E t 2E,3F,4A,5A),(1 E,2E,3F,4A,5B),(1 E,2E,3F,4A,5C),(1 E,2E,3F,4A,5D),(1 E,2E,3F,4B,5A),(1 E,2E,3F,4B,5B),(1 E, 

15 2E,3F,4B,5C),(1 E^E.SF^B.SD)^! E^E^MCSA)^! E.2E, 3F,4C,5B),(1 E,2E t 3F t 4C,5C),(1 E,2E,3F,4C,5D),(1 E,2E, 
3F f 4D,5A),(1 E,2E,3F,4D,5B),(1 E, 2E ( 3F,4D,5C),(1 E t 2E f 3F,4D f 5D) 

[0717] And (R 1 ,R 2 ,R 3 > R 4 ,R 5 )=(1A,2A,3A,4A,5A) is the compound which R 1 is 1A, R 2 is 2A, R 3 is 3A, R 4 is 4A and 
R 5 is 5A. The other combinations are the same. 

20 Experimental example 1 

[0718] The inhibitory activities against integrase of the compounds in the present invention have been determined 
by the assay described below. 

25 (1) Preparation of DNA solutions. 

[0719] Substrate DNA and target DNA, which sequences were indicated below, were synthesized by Amersham 
Pharmacia Biotech and dissolved in KTE buffer (composition: 100 mM KCI, 1 mM EDTA, 10 mM Tris-HCI (pH 7.6)) at 
concentration of 2 pmol/pJ and 5 pmol/uJ, respectively. The DNA solutions were annealed with each complement by 
30 slowly cooling after heating. 

(Substrate DNA) 

5'- Biotin-ACC CTT TTA GTC AGT GTG GAAAAT CTC TAG CAG T-3' 
35 3'- GAA AAT CAG TCA CAC CTT TTA GAG ATC GTC A-5' 

(Target DNA) 

40 5'- TGA CCA AGG GCT AAT TCA CT-Dig-3' 

3*-Dig-ACT GGT TCC CGA TTA AGT GA -5' 

(2) Calculations of the percent inhibitions (the IC 50 values of test compounds) 

45 

[0720] Streptavidin, obtained from Vector Laboratories, was dissolved in 0.1 M carbonate buffer (composition: 90 
mM Na 2 C0 3 , 1 0 mM NaHC0 3 ) at concentration of 40 jig/ml. After coating each well of microtiter plates (obtained from 
NUNC) with 50 u.l of the above solution at 4 °C over night, each well was washed twice with PBS (composition: 13.7 
mM NaCI, 0.27 mM KCI, 0.43 mM Na 2 HP0 4 , 0.14 mM KH 2 P0 4 ) and blocked with 300 \i\ of 1% skim milk in PBS for 
so 30 min. Additionally, each well was washed twice with PBS and added 50 uJ of substrate DNA solution (2 pmol/uJ). The 
microtiter plates were kept at room temperature for 30 min. Then, each well was washed twice with PBS and once with 
H 2 0. 

[0721] Subsequently, in the each well prepared above were added 45 u.l of the reaction buffer prepared from 12 uJ 
of the buffer (composition: 150 mM MOPS (pH 7.2), 75 mM MnCI 2 , 50 mM 2-mercaptoethanol 25% glycerol, 500 u.g/ 
55 ml bovine serum albumin-fraction V), 1 uJ of target DNA (5 pmol/u.l), and 32 \i\ of the distilled water. Additionally, 6 uJ 
of either a test compound in DMSO or DMSO for positive control (PC) was mixed with the above reaction buffer, then 
9 jjlI of an integrase solution (30 pmol) was added and mixed well. In the well of negative control (NC) was added 9 u.l 
of the integrase dilution buffer (composition: 20 mM MOPS (pH7.2), 400 mM potassium glutamate, 1 mM EDTA, 0.1 
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% NP-40, 20 % glycerol, 1 mM DTT, 4 M urea). 

[0722] The microtiter plates were incubated at 30 °C for 1 hour. The reaction solution was removed and each well 
was washed twice with PBS. Subsequently, each well of the microtiter plates was filled with 100 u.l of anti-digoxigenin 
antibody labeled with alkaline phosphatase (Sheep Fab fragment: obtained from Boehringer) and incubated at 30 °C 

s for 1 hour. Then, each well was washed twice with 0.05 % Tween20 in PBS and once with PBS. Next, 150 \i\ of the 
Alkaline phosphatase reaction buffer (composition: 10 mM p-Nitrophenylphosphate (obtained from Vector Laborato- 
ries), 5 mM MgCI 2 , 100 mM NaCI, 100 mM Tris-HCI (pH 9.5)) was added in each well. The microtiter plates were 
incubated at 30 °C for 2 hours and the reaction was terminated by the addition of 50 jxl of 1 N NaOH solution. The 
optical density (OD) at 405 nm of each well was measured and the percent inhibition was determined by the following 

10 expression. 

The percent inhibition (%) = 100[1-{(C abs.- NC abs.) / (PC abs.- NC abs.)}] 

15 Cabs.; the OD of the well of the 

NC abs.: the OD of the negative control (NC) 
PC abs.: the OD of the positive control (PC) 
[0723] When the percent inhibition (%) is X % at the concentration of x u,g/ml and the percent inhibition (%) is Y % 
at the concentration of y u.g/ml, one of which is more than 50% and the other is less than 50 %, IC 50 can be determined 
20 by the following expression. 

IC 50 (^ig/ml)= x-{(X-50)(x-y)/(X-Y)} 

25 [0724] The IC 50 values, the concentration of the compounds at percent inhibition 50 %, are shown in the following 
Table 1. Compound No. in the Table 1 is the same as compound No. of the above example. 



Table 1 



30 



compound No. 


IC 50 (ug/ml) 


1-1 


0.540 


I-6 


0.444 


I -20 


0.760 


I-27 


0.190 


1-35 


0.240 


I-37 


0.550 


I-63 


0.420 


I-65 


0.11 


I-67 


0.22 



[0725] The compounds of the present invention except the above compounds had the same or more integrase in- 
45 hibitory activities. 

[0726] And the compounds of the present invention have high stability against metabolism and they are superior 
inhibitory agents against integrase. 

Formulation Example 

50 

[0727] It is to be noted that the following Formulation Examples 1 to 8 are mere illustration, but not intended to limit 
the scope of the invention. The term "active ingredient" means the compounds of the present invention, the tautomers, 
the prodrugs thereof, their pharmaceutical acceptable salts, or their solvate. 

55 Formulation Example 1 

[0728] Hard gelatin capsules are prepared using of the following ingredients: 
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Dose 




(mg/capsule) 


Active ingredient 


250 


Starch, dried 


200 


Magnesium stearate 


10 


Total 


460 mg 



Formulation Example 2 

[0729] A tablet is prepared using of the following ingredients: 





Dose 
(mg/tablet) 


Active ingredient 


250 


Cellulose, microcrystals 


400 


Silicon dioxide, fumed 


10 


Stearic acid 


5 


Total 


665 mg 



[0730] The components are blended and compressed to form tablets each weighing 665 mg. 

25 

Formulation Example 3 



[0731] An aerosol solution is prepared containing the following components: 



30 




Weight 




Active ingredient 


0.25 




Ethanol 


25.75 




Propellant 22 (chlorodifluoromethane) 


74.00 


35 


Total 


100.00 



[0732] The active ingredient is mixed with ethanol and the admixture added to a portion of the propellant 22, cooled 
to -30 °C and transferred to a filling device. The required amount is then fed to a stainless steel container and diluted 
with the reminder of the propellant. The valve units are then fitted to the container. 

40 

Formulation Example 4 



[0733] Tablets, each containing 60 mg of active ingredient, are made as follows. 



45 


Active ingredient 


60 mg 




Starch 


45 mg 




Microcrystals cellulose 


35 mg 




Polyvinylpyrrolidone (as 10% solution in water) 


4 mg 


50 


Sodium carboxymethyl starch 


4.5 mg 




Magnesium stearate 


0.5 mg 




Talc 


1 mg 




Total 


150 mg 



[0734] The active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S. sieve, and the mixed 
thoroughly. The aqueous solution containing polyvinylpyrrolidone is mixed with the resultant powder, and the admixture 
then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50°C and passed through a 
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No. 18 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, previously passed through 
No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a tablet machine to 
yield tablets each weighing 150 mg. 

Formulation Example 5 

[0735] Capsules, each containing 80 mg of active ingredient, are made as follows: 



Active ingredient 
Starch 

Microcrystals cellulose 
Magnesium stearate 


80 mg 
59 mg 
59 mg 
2 mg 


Total 


200 mg 



[0736] The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 mesh 
U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 

Formulation Example 6 

[0737] Suppositories, each containing 225 mg of active ingredient, are made as follows: 



Active ingredient 

Saturated fatty acid glycerides 


225 mg 
2000 mg 


Total 


2225 mg 



[0738] The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2g capacity and allowed to cool. 

Formulation Example 7 

[0739] Suspensions, each containing 50 mg of active ingredient, are made as follows: 



Active ingredient 


50 mg 


Sodium carboxymethyl cellulose 


50 mg 


Syrup 


1 .25 ml 


Benzoic acid solution 


0.10 ml 


Flavor 


q.v. 


Color 


q.v. 


Purified water to total 


5 ml 



[0740] The active ingredient is passed through a No. 45 U.S. sieve, and mixed with the sodium carboxymethyl cel- 
lulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with a portion of the 
water and added, with stirring. Sufficient water is then added to produce the required volume. 

Formulation Example 8 

[0741] An intravenous formulation may be prepared as follows: 



Active ingredient 


100 mg 


Isotonic saline 


1000 ml 



[0742] The solution of the above ingredients is generally administered intravenously to a subject at a rate of 1 ml 
per minute. 
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Industrial Applicability 

[0743] The compounds of the present invention have inhibitory activities against i ntegrase and efficient for treatment 
of AIDS as an antiviral agent and an anti-HI V agent. 

Claims 

1 . A compound of the formula (I): 



Y 



15 




20 (wherein 



25 




is a condensed nitrogen-containing heterocycle (A ring is nitrogen-containing heterocycle; B ring is carbon ring or 
30 heterocycle; Z 4 , Z 5 and Z 9 each is independently carbon atom or nitrogen atom); 

Y is hydroxy, mercapto or amino; 
R A is a group of the formula: 



35 




40 

(wherein C ring is nitrogen-containing heteroaryl) 
or a group of the formula: 



45 




(wherein X is oxygen atom, sulfur atom or NH; R B is hydrogen or a group selected from the substitution group A); 
and at least one of A ring, B ring and R A is substituted with a group of the formula: -Z 1 -Z2-Z 3 -R 1 (wherein Z 1 and 
Z 3 each is independently a bond, optionally substituted alkylene or optionally substituted alkenylene; Z 2 is a bond, 
optionally substituted alkylene, optionally substituted alkenylene, -CH(OH)-, -S-, -SO-, -S0 2 -, -S0 2 NR 2 -, 
-NR 2 S0 2 -, -O-, -NR2-, -NR 2 CO-, -CONR 2 -, -C(=0)-0-, -0-C(=0)- or -CO-; R 2 is hydrogen, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted aryl or optionally substituted heteroaryl; R 1 is optionally 
substituted aryl, optionally substituted heteroaryl, optionally substituted cycloaikyl, optionally substituted cycloalke- 
nyl or optionally substituted heterocycle.); 
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and A ring, B ring or R A is optionally substituted with one to six group(s) selected from the substitution group A at 
any position except for the position at which the group shown by the above-mentioned formula i-Z^ZS-Z^R 1 
(wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as above.) is substituted, each broken line shows the presence 
or absence of a bond, except that each neighboring broken line simultaneously shows the presence of a bond, 
provided a compound of the formula: 



O OH 




(wherein R B ' is hydroxy or alkoxy, Z 2 ' is alkylene or alkenylene, R 1 ' is optionally substituted aryl or optionally sub- 
stituted heteroaryl), benzyl5-benzyl-7-acetyl-8-hydroxyquinoUne and 5-phenyl-7-acetyl-8-hydroxyquinoline are ex- 
cluded. 

The substitution group A is halogen, alkoxycarbonyl, carboxy, optionally substituted alkyl, alkoxy, alkoxyalkyl, nitro, 
hydroxy, optionally substituted alkenyl, alkynyl, alkylsulfonyl, optionally substituted amino, alkylthio, alkylthioalkyl, 
haloalkyl, haloalkoxy, haloalkoxyalkyl, cycloalkyl, cycloalkenyl, oxo, thioxo, alkylenedioxy, alkylene, alkenylene, 
nitroso, azide, amidino, guanidino, cyano, isocyano, mercapto, optionally substituted carbamoyl, sulfamoyl, sul- 
foamino, formyl, alkylcarbonyl, alkylcarbonyloxy, hydrazino, morpholino, optionally substituted aryl, optionally sub- 
stituted heteroaryl, optionally substituted heterocycle, optionally substituted aralkyl, optionally substituted heter- 
oaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally substituted arylthio, option- 
ally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted heteroaralkyloxy, optionally 
substituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted aryloxyalkyl, optionally sub- 
stituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, optionally substituted heteroarytthioalkyl, optionally 
substituted arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted aralkylsulfonyl and option- 
ally substituted heteroaralkylsulfonyl), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

A compound according to claim 1 wherein a nitrogen atom neighboring Z 9 on A ring binds to a neighboring atom 
with a double bond and to another neighboring atom with a single bond, a prodrug, a pharmaceutical ly acceptable 
salt or a solvate thereof. 

A compound according to claim 1 wherein 




(wherein A ring, B ring, Z 4 , Z 5 and Z 9 are the same meanings as claim 1) is a condensed nitrogen-containing 
heterocycle, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

A compound according to claim 1 (wherein at least one of A ring, B ring and R A is substituted with a group of the 
formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), and the other parts are 
optionally substituted with groups selected from the substitution group A), wherein A ring of 
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(wherein Y and R A are the same meanings as claim 1) or 
A ring is the formula: 




and B ring is the formula: 



Y 




(wherein Y and R A are the same meanings as the claim 1), a prodrug, a pharmaceutical^ acceptable salt or a 
solvate thereof. 

A compound according to claim 4 (wherein at least one of A ring, B ring and R A is substituted with a group of the 
formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), and the other parts are 
optionally substituted with groups selected from the substitution group A), wherein 



(wherein Y and R A are the same meanings as claim 1); Z 7 is an oxygen atom, a sulfur atom,-CH=CH- or NH), a 
prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

A compound according to any one of claim 1 to 5 wherein a group selected from the substitution group A is halogen, 



Y 




(wherein Z 4 , Z 5 , Z 9 , Y and R A are the same meanings as claim 1) is the formula: 
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alkoxycarbonyl, carboxy, optionally substituted alky I, alkoxy, alkoxyalkyl, nitro, hydroxy, optionally substituted alke- 
nyl, alkynyl, alkylsulfonyl, optionally substituted amino, alkylthio, alkylthioalkyl, haloalkyl, haloalkoxy, haloalkoxy- 
alkyl, cycloalkyl, cycloalkenyl, oxo, alkylenedioxy, alkylene, alkenylene, azide, cyano, mercapto, optionally substi- 
tuted carbamoyl, sulfamoyl, sulfoamino, formyl, alkylcarbonyl, alkylcarbonyloxy, optionally substituted aryl, option- 
ally substituted heteroaryl, optionally substituted heterocycle, optionally substituted aralkyl, optionally substituted 
heteroaralkyl, optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally substituted arylthio, 
optionally substituted heteroarylthio, optionally substituted aralkyloxy, optionally substituted heteroaralkyloxy, op- 
tionally substituted aralkylthio, optionally substituted heteroaralkylthio, optionally substituted aryloxyalkyl, option- 
ally substituted heteroaryloxyalkyl, optionally substituted arylthioalkyl, optionally substituted heteroarylthioalkyl, 
optionally substituted arylsulfonyl, optionally substituted heteroarylsulfonyl, optionally substituted aralkylsulfonyl 
or optionally substituted heteroaralkylsulfonyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

7. A compound according to claim 6 wherein a group selected from the substitution group A is halogen, optionally 
substituted alkyl, alkoxy, hydroxy, optionally substituted alkenyl, optionally substituted amino, cyano, optionally 
substituted carbamoyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted hetero- 
cycle, optionally substituted aralkyl or optionally substituted aryloxyalkyl, a prodrug, a pharmaceutical^ acceptable 
salt or a solvate thereof. 

8. A compound according to any one of claim 1 to 7 wherein the formula: Z^Z^-Z^R 1 is the formula: -Z 1 -Z 2 -Z 3 -R 1 
(wherein Z 1 is a bond or alkylene; Z 3 is a bond; Z 2 is optionally substituted alkylene, alkenylene, -S- or -O-; R 1 is 
optionally substituted aryl, optionally substituted heteroaryl or optionally substituted cycloalkyl), a prodrug, a phar- 
maceutical^ acceptable salt or a solvate thereof. 

9. A compound according to any one of claim 1 to 8 wherein R A is the formula: 




(wherein C ring is the same meaning as claim 1 ), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

10. A compound according to claim 9 wherein an atom neighboring the atom at the bonding position on C ring is 
nitrogen atom which binds to the neighboring atom with a double bond and to another neighboring atom with a 
single bond, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

11. A compound according to claim 10 wherein an atom neighboring the atom at the bonding position on C ring is 
nitrogen atom which binds to the neighboring atom with a double bond and to another neighboring atom with a 
single bond, and another atom neighboring the atom at the bonding position is a heteroatom, a prodrug, a phar- 
maceutical^ acceptable salt or a solvate thereof. 

12. A compound according to claim 9 (wherein at least one of A ring, B ring and C ring is substituted with a group of 
the formula: -Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), and the other parts are 
optionally substituted with groups selected from the substitution group A), wherein the formula: 




(wherein C ring is the same meaning as claim 1) is the formula: 
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a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

13. A compound according to any one of claim 9 to 12 wherein C ring is substituted with a group of the formula:-Z 1 - 
Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), a prodrug, a pharmaceutical^ acceptable 
salt or a solvate thereof. 

14. A compound according to any one of claim 1 to 8 (wherein at least one of A ring, B ring and R B is substituted with 
a group of the formula:-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), and the other 
parts are optionally substituted 

with groups selected from the substitution group A), wherein R A is the formula: 




(wherein X and R B are the same meanings as claim 1), a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof. 



15. A compound according to claim 14 (wherein at least one of A ring, B ring or R B is substituted with a group of the 
formula:-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), and the other parts are op- 
tionally substituted with groups selected from the substitution group A), wherein X is oxygen atom, R B is hydroxy, 
alkoxy, optionally substituted amino, optionally substituted heteroaryl or optionally substituted aryl, a prodrug, a 
pharmaceutical^ acceptable salt or a solvate thereof. 

1 6. A compound according to claim 1 4 or 1 5 wherein R B is substituted with a group of the formula :-Z 1 -Z2-Z 3 -R 1 (wherein 
Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof. 

17. A compound according to any one of claim 1 to 16 wherein A ring or B ring is substituted with a group of the 
formula r-Z^Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1 ), a prodrug, a pharmaceutical^ 
acceptable salt or a solvate thereof. 

18. A compound according to claim 1 which is the formula: 
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(wherein R B is hydrogen or a group selected from the substitution group A, Z 6 is =C(-R 5 )-or =N-, at least one of 
R 3 to R 6 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), the others 
are hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutical acceptable salt or 
a solvate thereof. 

19. A compound according to claim 18 wherein R B is hydroxy, alkoxy, optionally substituted amino, heterocycle, het- 
eroaryl or aryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 6 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, 
Z 2 is a bond, alkylene or alkenylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, 
haloalkyl and/or azide )), the others are aralkyl optionally substituted with halogen, hydrogen, halogen or alky, a 
prodrug, a pharmaceutically acceptable salt or a solvate thereof. 

20. A compound according to claim 1 which is the formula: 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycfoalkenyl or heterocycle, Z 6 is =C(-R 5 )- or =N-, at least one of R 3 to 
R 10 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), the others are 
hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutically acceptable salt or a 
solvate thereof. 

21 . A compound according to claim 20 wherein R B is heteroaryl, Z 6 is =C(-R 5 )-, at least one of R 3 to R 10 is the formula : 
-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are 
alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, alkyl or halogen, a prodrug, a pharma- 
ceutically acceptable salt or a solvate thereof. 

22. A compound according to claim 1 which is the formula: 




(wherein C ring is nitrogen containing heteroaryl, Y is hydroxy or mercapto, Z 6 is =C(-R 5 )-, or =N- ( 27 is -N(-R 3 - f 
-S- or -O-, at least one of R 3 to R 6 and R 11 to R 13 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 Z 3 and R 1 are the 
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same meanings as claim 1 ), the others are hydrogen or groups selected from the substitution group A), a prodrug, 
a pharmaceutical^ acceptable salt or a solvate thereof. 

23. A compound according to claim 22 wherein C ring is 1 ,3,4-oxadiazol-2-yl, oxazol-2-yl, thiazol-2-yl, 1 ,3,4-thiadiazol- 
2-yl, 1 ,2,4-triazol-3-yl, imidazol-2-yl or pyrimidin-2-yl, Z 6 is =C(-R 5 )-, or =N-, 77 is -N(-R 3 )-, -S- or -O-, at least one 
of R 3 to R 6 and R 11 to R 13 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 is a bond or alkylene, Z 2 is a bond, alkylene 
optionally substituted with aryl, alkenylene, -O- or -NH-, Z 3 is a bond, R 1 is optionally substituted aryl (the substit- 
uents are alkyl, halogen, alkoxy, haloalkyl and/or azide), optionally substituted heteroaryl (the substituents are 
alkyl, halogen, alkoxy, haloalkyl and/or azide) or optionally substituted cycloalkyl (the substituents are alkyl, halo- 
gen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen, optionally substituted alkyl (the substituents 
are halogen, alkoxycarbonyl, carboxy, alkoxy, hydroxy, optionally substituted carbamoyl (the substituent is alkyl), 
alkenyloxy and/or phthalimide), aralkyl optionally substituted with halogen, aryl optionally substituted with halogen, 
carbamoyl optionally substituted with alkyl, amino optionally substituted with acyl or alkylthio, a prodrug, a phar- 
maceutical^ acceptable salt or a solvate thereof. 

24. A compound according to claim 1 which is the formula: 



g oh 




(wherein R B is hydrogen or a group selected from the substitution group A, Z 10 is -C(-R 16 )= or -N=, at least one 
of R 14 to R 18 is the formula:-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the same meanings as claim 1), the others 
are hydrogen or groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or 
a solvate thereof. 

25. A compound according to claim 24 wherein R 15 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 , Z 2 , Z 3 and R 1 are the 
same meanings as claim 1), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

26. A compound according to claim 24 wherein R 14 is hydrogen, alkyl, alkenyl, halogen, haloalkyl, alkoxy, haloalkoxy 
or optionally substituted amino, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

27. A compound according to claim 24 wherein R B is hydroxy, alkoxy, optionally substituted amino, alkyl, cycloalkyl 
or aryl, at least one of R 14 to R 18 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is 
optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hy- 
drogen, halogen, optionally substituted alkyl (the substituents are alkoxycarbonyl and/or carboxy), optionally sub- 
stituted alkenyl (the substituents are alkoxycarbonyl and/or carboxy), aryl, aralkyl optionally substituted with hal- 
ogen, optionally substituted carbamoyl, cyano or formyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof. 

28. A compound according to claim 24 wherein R B is hydroxy, alkoxy, optionally substituted alkyl (the substituents are 
alkoxy and/or optionally substituted amino), optionally substituted aryl, optionally substituted heteroaryl, cycloalkyl 
or optionally substituted amino (the substituents are alkyl and/or alkoxy), R 14 is hydrogen, alkyl, alkenyl, halogen, 
haloalkyl, alkoxy, haloalkoxy or optionally substituted amino, one of R 15 and R 16 is the formula :-Z 1 -Z 2 -Z 3 -R 1 
(wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, 
alkoxy, haloalkyl and/or azide)), the other is hydrogen, alkyl or halogen, R 17 is hydrogen, halogen, optionally sub- 
stituted alkyl (the substituents are alkoxycarbonyl, carboxy, alkoxy, optionally substituted amino and/or optionally 
substituted carbamoyl (the substituents are alkyl and/or alkylene)), optionally substituted alkenyl (the substituents 
are alkoxycarbonyl, carboxy and/or optionally substituted carbamoyl), optionally substituted carbamoyl (the sub- 
stituents are alkyl, alkylene, alkoxyalkyl, aralkyl, aryl and/or heteroaryl), alkoxycarbonyl, carboxy, alkoxy, optionally 
substituted sulfamoyl, optionally substituted amino, cyano or formyl, R 18 is hydrogen, alkyl or halogen, a prodrug, 
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a pharmaceutical^ acceptable salt or a solvate thereof. 

29. A compound according to claim 24 wherein R B is hydroxy, alkoxy, optionally substituted alkyl'(the substituents are 
alkoxy and/or optionally substituted amino), optionally substituted aryl; optionally substituted heteroaryl, cycloalkyl 
or optionally substituted amino (the substituents are alkyl and/or alkoxy), R 14 is hydrogen, alkyl, alkenyl, halogen, 
haloalkyl, alkoxy, haloalkoxy or optionally substituted amino, R 15 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 
are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl 
and/or azide )), R 16 , R 17 and R 18 each is independently hydrogen, halogen, optionally substituted alkyl (the sub- 
stituents are alkoxycarbonyl, carboxy, alkoxy, optionally substituted amino and/or optionally substituted carbamoyl 
(the substituents are alkyl and/or alkylene)), optionally substituted alkenyl (the substituents are alkoxycarbonyl, 
carboxy and/or optionally substituted carbamoyl), optionally substituted carbamoyl (the substituents are alkyl, 
alkylene, alkoxyalkyl, aralkyl, aryl and/or heteroaryl), alkoxycarbonyl, carboxy, alkoxy, optionally substituted sul- 
famoyl, optionally substituted amino, cyano or formyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate 
thereof. 

30. A compound according to claim 24 wherein R B is hydroxy or alkoxy, R 14 is hydrogen, alkyl, halogen, one of R 15 
and R 16 is the formula i-Z^Z^-Z^R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl 
(the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the other is hydrogen, alkyl or halogen, R 17 
is hydrogen, halogen, optionally substituted alkyl (the substituents are alkoxycarbonyl, carboxy and/or optionally 
substituted carbamoyl), optionally substituted alkenyl (the substituents are alkoxycarbonyl, carboxy and/or option- 
ally substituted carbamoyl), optionally substituted carbamoyl, cyano or formyl, R 18 is hydrogen, alkyl or halogen, 
a prodrug, a pharmaceutically acceptable salt or a solvate thereof. 

31 . A compound according to claim 24 wherein R 17 is optionally substituted carbamoyl, a prodrug, a pharmaceutically 
acceptable salt or a solvate thereof. 

32. A compound according to claim 1 which is the formula : 



R 7 O OH 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, Z 10 is -C(-R 16 )= or - N=, R 19 is -O-, -C(- 
R 17 )=C(-R 18 )- or -CH(-R 17 )-CH(-R 18 )-, at least one of R 7 to R 10 and R 14 to R 18 is the formula :-Z 1 -Z2-Z 3 -R 1 (wherein 
Z 1 ,Z 2 ,Z 3 and R 1 are the same meanings as claim 1 ), the others are hydrogen or groups selected from the substi- 
tution group A), a prodrug, a pharmaceutically acceptable salt or a solvate thereof. 

33. A compound according to claim 32 wherein R B is heteroaryl, at least one of R 7 to R 10 and R 14 to R 18 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene or - S-, R 1 is optionally substituted aryl (the substituents 
are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl, a prodrug, a phar- 
maceutically acceptable salt or a solvate thereof. 

34. A compound according to claim 1 which is the formula: 
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R 12 > 



R 13 



R 17 

(wherein C ring is nitrogen-containing heteroaryl, Z 10 is -C(-R 16 = or -N=, at least one of R 11 to R 18 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z^Z 2 , Z 3 and R 1 are the same meanings as claim 1), the others are hydrogen or groups 
selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

35. A compound according to claim 34 wherein C ring is pyrimidin-2-yl, pyridin-2-yl, 1,3,4-oxadiazoIe-2-yl, 1,3,4-thia- 
diazol-2-yl, thiazol-2-yl or imidazol-2-yl, at least one of R 11 to R 18 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 
are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl 
and/or azide)), the others are hydrogen, halogen or alkyl, a prodrug, a pharmaceutical ly acceptable salt or a solvate 
thereof. 

36. A compound according to claim 1 which is the formula: 




(wherein C ring is nitrogen-containing heteroaryl, Z 8 is -O-, -N(-R 17 )- or -S-; at least one of R 11 to R 17 is the formula 
formula :-Z 1 -Z2-Z 3 -R 1 (wherein Zi.Z^Z 3 and R 1 are the same meanings as claim 1), the others are hydrogen or 
groups selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

37. A compound according to claim 36 wherein C ring is 1 ,3,4-oxadiazol-2-yl or 1 ,3,4-thiadiazol-2-yl, Z 8 is -O-, at least 
one of R 11 to R 17 is the formula :-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally sub- 
stituted aryl (the substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen 
or alkyl, a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

38. A compound according to claim 1 which is the formula : 
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(wherein C ring is nitrogen-containing heteroaryl and at least one of R 3 , R 4 , R 6 and R 11 to R 13 is the formula :-Z 1 - 
Z2-Z 3 -R 1 (wherein Z 1 ,Z 2 f Z 3 and R 1 are the same meanings as claim 1 ), the others are hydrogen or groups selected 
from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

39. A compound according to claim 38 wherein C ring is 1 ,3,4-oxadiazol-2-yl, at least one of R 3 ,R 4 ,R 6 and R 11 to R 13 
is the formula :-Z 1 -Z2-Z 3 -R 1 (wherein Z 1 and Z 3 are bonds, Z 2 is alkylene, R 1 is optionally substituted aryl (the 
substituents are alkyl, halogen, alkoxy, haloalkyl and/or azide)), the others are hydrogen, halogen or alkyl, a pro- 
drug, a pharmaceutical^ acceptable salt or a solvate thereof. 

40. A compound according to claim 1 which is the formula: 




(wherein R B is aryl, heteroaryl, cycloalkyl, cycloalkenyl or heterocycle, at least one of R 3 to R 10 is the formula : 
-Z 1 -Z 2 -Z 3 -R 1 (wherein Z 1 ,Z 2 ,Z 3 and R 1 are the same meanings as claim 1), the others are hydrogen or groups 
selected from the substitution group A), a prodrug, a pharmaceutical^ acceptable salt or a solvate thereof. 

41. A pharmaceutical composition containing the compound according to any one of claim 1 to 40, a prodrug, a phar- 
maceutical^ acceptable salt or a solvate thereof as the active ingredient. 

42. A pharmaceutical composition according to claim 41 which is an enzyme inhibitor. 

43. A pharmaceutical composition according to claim 42 which is a nucleic acid related enzyme inhibitor. 

44. A pharmaceutical composition according to claim 43 which is an HIV integrase inhibitor. 

45. A pharmaceutical composition according to claim 41 which is an aniti-HIV agent. 

46. A pharmaceutical composition according to claim 41 which is a critical prevention agent or a therapeutic agent for 
AIDS or AIDS related complication. 

47. A mixture of anti-HIV agents which comprises a pharmaceutical composition according to claim 44 in combination 
with a reverse transcriptase inhibitor and/or a protease inhibitor. 

48. A pharmaceutical composition according to the claim 44 which has an activity enhancing the anti-HIV activity of a 
reverse transcriptase inhibitor and/or a protease inhibitor. 
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49. A method for the critical prevention or treatment of AIDS or AIDS related complication, which comprises adminis- 
tering a pharmaceutical composition according to the claim 41. 

50. Use of the compound according to any one of claim 1 to 40 for the manufacture of a pharmaceutical composition 
for the critical prevention or treatment of AIDS or AIDS related complication. 
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(International Patent Classification (IPC)} 

Int. CI 7 4709, 506, 47, 4353,519, 498, 4188, 424, 429, 4375, 5025, 4985, 
5383, 542, A61P43/0C, 31/12, 18 
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Minimum Documentation Searched ( International Patent Classification (IPC) ) 
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continuation of Box No. II of continuation of first sheet (1) 

Claim 1 involves an extremely large number of compounds. However, 
only small part of the claimed compounds are exclusively supported by 
the description under the provision of Article 6 of the PCT and disclosed 
therein under the provision of Article 5 of the PCT. 

Such being the case, this search was made exclusively on the part 
supported by the description and disclosed therein, namely, part of the 
compounds represented by the formula as set forth in claim 5, 18, 2 0, 
22 or 24. 
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